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Abstract 

 

Global Warming is one of the largest challenges the world now faces. Validated by 

extreme weather patterns and re-occurring natural disasters, Climate Change threatens the 

world’s population. Severe changes in climate causes rising sea levels, drought, floods, and 

storms etc. impacting communities physically, environmentally, socially and economically. 

With the occurrence of extreme events such as these, communities become vulnerable, 

disjointed and impaired.  

Flooding is the most frequent natural disaster experienced by the Irish community. Over 

recent decades, Ireland has shown low capacity in anticipating, coping, resisting and 

recovering from flood events. This has resulted in the inundation of private property, 

commercial premises, agricultural land and transport routes. As a consequence, 

communities have been seriously affected with little or no protection from floodwater. The 

Irish community have displayed little compliance in introducing societal change and 

embracing community based initiatives, relying heavily on Governmental Bodies to 

implement flood defence measures. With a reduction in community engagement and a lack 

of adaptive resources, communities gradually become weaker and more exposed to the 

adverse effects of flooding. 

This research has highlighted the need for increased alertness toward flooding and 

strengthened links between the affected community, responding professionals and 

responding community. The research aimed to define the elements necessary for increasing 

community vigilance and examined how these could be introduced into weakened 

community areas, focusing on the slow integration of knowledge, technology and skill 

transfer as a starting point for enhancing activity. This allows for shared experiences and 

gives communities the option for adopting successful initiatives. Further analysis highlights 

community complexity, the difficulty of introducing societal change and strengthening 

adaptive capacities.  
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The researcher utilized grounded theory to gain insight into how affected community 

members interact with flood events in collaboration with the Local County Council, The 

OPW, Local Authorities and the United Nation Framework Convention on Climate Change. 

Affected community members were involved throughout this study, participating in both 

interviews and field studies. This allowed participants to share local knowledge specific to 

the areas being examined, preparation measures taken for previous floods and their plans 

for newly anticipated flood events.   

Key findings from initial enquiry stage conclude that; Communities are complex and 

comprised of economic, social, physical and institutional components. If an event such as a 

flood were to disrupt community networks, vulnerability is increased, and areas become 

more susceptible to damage. Another aspect to consider is that communities made up of 

different community culture, various existing groups, diverse attitudes and values, patterns 

of settlement etc., which makes it difficult to implement societal change. Increased 

knowledge, skill and technology transfer aims to provide communities with the tools 

required to implement change and slowly integrate adaptation methodologies and 

techniques for reducing flood related impacts.  

To conclude, this investigation has highlighted that there is a major need for increased 

ability to endure flood events in Ireland. This research outlines how communities can be 

enhanced through the use of open-source product design supported by knowledge, skill and 

technology transfer, mending existing and forming new community links. A slow integration 

of initiatives aimed at alleviating the effects of flooding and adaptive measures, aims to 

strengthen community networks and boost engagement. The establishment of a flood 

sensor network supported by an online platform provides communities with an open-

source, low-cost solution for allowing communities to prepare and respond better to flood 

related disasters.  
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1.0 Introduction 

1.1 Background Context 

The original working title “Coastal Communities vs. Climate Change – a community-

based design initiative for open-source, user-centred design solutions against severe 

weather conditions in waterside communities” provided the starting point for this research 

and framed the initial literature review. This research title was identified by DesignCORE and 

was validated by the Institute of Technology Carlow’s Academic Council prior to 

commencement.  

Research conducted prior to this investigation highlighted that providing preventative 

measures against flooding is more cost effective than dealing in a reactive way to extreme 

weather conditions that are predicted to become more frequent as time progresses. It was 

also emphasized that open-source software solutions have improved relief efforts and allow 

for the processing and collection of valuable information related to natural disasters.   

It was proposed that an outcome with a social agenda will enhance flood awareness and 

promote engagement within communities. The objectives outlined prior to the researcher’s 

engagement with this study suggest the following; 

 

 To investigate and explore the possibilities of community-based, open-source 

product design in helping those people most affected by climate change in 

Ireland. 

 To understand user and product design requirement of households and 

communities most vulnerable to the effects of climate change in Ireland. 

 It was proposed that the research would be conducted in three stages, firstly 

‘enquiry’, secondly ‘exploration’ and thirdly ‘implementation’.  

 The enquiry stage would include literature reviewing, field research and analysis 

whilst the implementation and testing stages would include practice-based 

research through design intervention, community engagement, testing and 

evaluation. 
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The initial research phase followed an explorative approach investigating both published 

and online information. This provided the researcher with an extensive body of knowledge 

required for guiding this study while also facilitating the literature review process.  

Early findings from the literature review identified that in order to increase preparedness 

against flood events, links between responding professionals, responding community 

members and affected community members would need to be strengthened. Enhanced 

relationships between the three groups identified, aims to enable communities to increase 

flood resistance. 

 

1.2 Gap in Existing Knowledge  

It has been identified that open-source software solutions have proved to be 

effective for enhancing preventative measures related to natural disasters. Although open-

source is common within the software industry, it remains elusive within product design. 

The development of an open-source, community-based, user-centred design initiative 

against flooding and other natural disasters has yet to be conducted in Ireland. It is hoped 

that the development of product solutions through open-source, user-centred design will be 

used to narrow the gap in existing knowledge and it is intended that this research study will 

be a unique contributor to this field. It is also envisaged that the outcome presents an 

opportunity for communities to establish and embrace the ability to endure the effects of 

natural disasters through a series of community-based initiatives.  
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2.0 Literature Review – Section 1 

2.1 Introduction 

The original working title “Waterside Communities vs. Climate Change – A 

community based design initiative for open-source, user centred design solutions against 

severe weather conditions on waterside communities”, provided the researcher with the 

starting point from which an initial enquiry stage was conducted.  

After primary investigation, through the exploration of available literature and field 

research, the researcher proposed the following research question: 

 

 ‘Investigation into the impacts of climate change suggests that re-occurring flood events 

make communities vulnerable to increased physical, social, economic and environmental 

damage.’ 

This literature review seeks to; 

 Analyse existing data based on climate change and flooding, to investigate and 

explore the possibility of community-based, open source product design in helping 

people most affected by flooding in Ireland.  

 Examine the impact of climate change issues and the effects on Irish climate and 

weather patterns.  

 Gather data on how flooding has impacted communities, on a national level, to gain 

an insight into what community based initiatives have been implemented to deal 

with these issues and to highlight what strategies have been successful and, for 

those that were less successful, what lessons could be learnt to ensure that 

alternative strategies are investigated and proposed for the future.  

 Investigate data relating to other communities across the world that are 

experiencing similar flood related issues, and provide the researcher with further 

insights into successful initiatives at global level. 

 Identify the social, emotional and financial damages caused by flooding. 
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Global Warming, resulting in climate change, has become a critical issue for our planet and 

has contributed to significant changes in weather patterns globally. Over the last 200 years, 

concentrations of the main heat-trapping gases have increased dramatically. According to a 

report submitted by the Environmental Protection Agency, Ireland’s greenhouse gas (GHG) 

emissions during 2015, resulted in a 3.7% increase as opposed to the previous year which 

showed a 0.3% decrease (EPA, 2016). Evidence form this report reveals that Ireland 

witnessed reduced economic activity resulting in low GHG emissions. Since 2016, Ireland 

has maintained its GHG outputs, represented in Figure 1, with the exceptions of 2012 and 

2015. It is evident that we are currently exceeding our quota which falls in line with the 

growth of our economy and employment sectors, particularly transport. Emissions from 

transport alone saw a 5.5% increase from the Emissions Trading System (ETS) sector and a 

3.0% increase from non-ETS emissions. (EPA, 2016).  

 

 

 

Figure 1 Irelands GHG Emissions (EPA, 2016) 
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A report published by the Environmental Protection Agency in 2015, ‘Ireland’s Greenhouse 

Gas Emission Projections - 2014-2035’, outlined a series of projections and estimations to 

demonstrate how climate change may impact on the Irish population. These projections 

offered valuable insights into both the best and worst case scenarios and with this data we 

are better placed to forecast or estimate the anticipated levels of Irish emissions in the 

immediate future. 

The EPA report highlighted some important facts and had a significant role in the 

development and publication of the Climate Action and Low Carbon Development Bill that 

was published in the same year by The Department of Environment, Community and Local 

Government (2015). This Bill provides an outline of plans supporting relief efforts and 

preparation toward lower emission outputs. The Minister for Environment et al., published;  

“An Act to provide for the approval of plans by the Government in relation to climate 

change for the purpose of pursuing the transition to a low carbon, climate resilient 

and environmentally sustainable economy;” (Minister for Environment, 2015) 

With the introduction of this bill Ireland can initiate and further enhance efforts in reducing 

emissions towards retaining current GHG emissions below the allocated quota.  

Climate change in an issue that affects people all over the world. Extreme changes in 

weather patterns consist of heavy/prolonged precipitation, variations in temperature, 

severe storms, flooding and drought. In a book by Z. Zommers and A. Singh, the authors 

make reference to a report conducted in 2012 by The Intergovernmental Panel on Climate 

Change (IPCC). This indicates how extreme weather and climatic events can have large scale 

impacts on vulnerable people (Zommers & Singh, 2014).  

“Extreme events will have greater impacts on sectors with closer links to climate, 

such as water, agriculture and food security, forestry, health, and tourism.” (IPCC, 

2012).  

Climate change significantly impacts people on a social, financial and emotional level, 

especially those who live in small isolated communities and do not have the capacity to 

prepare, resist, cope and recover from natural disasters. It is clear that climate change is not 
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just an issue for developing countries and has exhibited the vulnerability of towns and cities 

worldwide. 

Much like climate change affects most countries, flooding too is an issue that has impacts 

across the globe. Flooding prompts conflicting issues on communities causing; damage to 

infrastructure, agriculture, economic loss, emotional strain etc. A combination of these 

issues results in weakened communities and have large implications for people who inhabit 

these areas. On a financial scale alone, the cost of preparing, coping with and recovering 

from a flood can be enormous. In a recent report by OECD (Organisation for Economic Co-

Operation and Development), they emphasize that;  

“Flooding is one of the most common, wide-reaching and destructive natural perils – 

causing average losses of USD 40 billion on an annual basis and increasing.” 

(Ministry of Labor, 2011).  

This report validates how floods have resulted in huge economic losses and have become 

more frequent from around 1990 onwards, bringing the acceleration of climate change into 

perspective and highlighting the rapid increase over recent years.  

 

2.2 Global Warming – Climate Change 

Global warming, resulting in climate change, is one of the most severe challenges we 

currently face as a society, at a national and global level. Global warming is defined by the 

increase in planet temperatures that have ensued change in the world’s climate. In a report 

conducted by The Royal Society focusing on the cause of accelerated climate temperatures 

over the past century much data has been evaluated. Research to date has shown that 

Green House Gases (GHG’s) have made a major contribution to the rise in climate averages 

with Carbon Dioxide (𝐶𝑂2) being the largest contributor.  

“GREENHOUSE GASES such as carbon dioxide (𝐶𝑂2) absorb heat (infrared radiation) 

emitted from Earth’s surface. Increases in the atmospheric concentrations of these 

gases cause Earth to warm by trapping more of this heat.” (Wolff et al., 2014)  
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According to Ingvaldsen & Gulla (2015), World Meteorological Organization (WMO) – A 

summary of current climate change findings and figures, GHG’s constitute less than one 

percent of the earth’s atmosphere. Combined they form a blanket and cause the earth to 

become warmer than it would usually be. Furthermore, GHG levels reached a reported high 

in 2011 with the average global temperature over the 20th century, reported to have risen 

by approximately 0.6℃ (1.1℉).  

Evidently, GHG’s are the main driver behind climate change. In order to slow down the 

damages caused, we need to significantly reduce our GHG emissions across the globe at 

individual and community levels. Many countries have already become more sustainable 

through the use of renewable energies (solar, geothermal, wind, hydroelectric energy), 

reducing car use, reforestation etc. The challenge now is to prompt countries, who have not 

implemented flood relief strategies, to adopt these or similar approaches to lessen GHG 

outputs.  

 

2.2.1 Contributors to Climate Change 

Numerous studies have provided evidence to demonstrate that human activity has 

been the largest contributor to Climate change. With emphasis on the burning of fossil fuels 

which are reported to “—have increased atmospheric 𝐶𝑂2 concentrations by about 40%, 

with more than half the increase occurring since 1970.” (Wolff et al., 2014). This view is 

supported by the IPCC 2014 climate change synthesis report, stating that;  

“Each of the last three decades has been successively warmer at the Earth’s surface 

than any preceding decade since 1850. The period from 1983 to 2012 was likely the 

warmest 30-year period of the last 1400 years in the Northern Hemisphere, where 

such assessment is possible” (IPCC, 2014).  

Several studies have acknowledged that human activity has largely affected the acceleration 

of climate change, however, it is true that natural processes have also made an impact, but 

to a lesser extent. The evidence that human activity is having the greatest effect on our 

climate is supported by Mr. Stefan Rahmstorf, a German oceanographer and climatologist. 

In a publication by Rahmstorf (2005), he explains that for at least 650,000 years, carbon 

dioxide levels in the atmosphere were never as high as they are at present. This can be 
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validated by reports of increasing industrial activity, particularly in developed countries. 

Evidence of the sudden rise in 𝐶𝑂2 levels can be seen in Figure 2 below. In a report on 

estimating global impacts from climate change, carried out by S.Hitz, J.Smith et al. (2004), 

nine sectors are examined that are expected to suffer from global warming. The conclusion 

is that they are confident that the damages caused tend to be adverse and increasing.  

 

 

 

In light of this information, it raises the question of, how did the world allow atmospheric 

concentrations of greenhouse gases increase to levels that have resulted in the acceleration 

of global warming and reoccurring natural disasters, when we have been aware of this issue 

for decades? Perhaps the earth is unable to withstand the rapid advancements of our 

industrialised society and now we are only coming to terms with the consequences of not 

protecting our planet. 

 

Figure 2 Climate History (Stefan, 2005) 
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2.2.2 Climate Change Impacts 

Data derived from several studies has identified that as a result of global warming, 

we are now experiencing more extreme weather patterns resulting in more frequent natural 

disasters.  

“The increase in the number of reported natural disasters in 2015, was mostly due to 

a higher number of climatological disasters: 45 compared with the 2005-2014 annual 

average of 32, an increase of 41%.” (Guha-sapir, Hoyois, & Below, 2015).  

Natural disasters are classified as extreme and usually sudden events that cause physical, 

economic, environmental, social implications, and in some cases, loss of life. A substantial 

amount of evidence has been published on how natural disasters such as storms, floods, 

droughts etc. have previously impacted and are predicted to impact people across the 

globe. In a report IMPACTS OF NATURAL DISASTERS ON ENVIRONMENTAL AND SOCIO - 

ECONOMIC SYSTEMS: WHAT MAKES THE DIFFERENCE? ‘, by Mata-lima et al., it states that;  

“In the last two decades, many studies have consistently presented forecasts and 

demonstrations of an increase in the frequency and intensity of natural disasters (e.g. 

hurricanes, floods, droughts and associated forest fires, earthquakes, tornadoes, 

among others) …” (Mata-lima et al., 2013) 

In light of this statement it is accurate to say that natural disasters are becoming more of 

threat to people worldwide leaving vulnerable communities devastated by their impacts.  

Much of the recent literature has revealed that people inhabiting low-income countries, 

who contribute the least to our overall global emissions, are most exposed to its effects. 

This suggests that the more economically developed countries need to make significant 

changes to reduce their GHG outputs in order to reduce the acceleration of climate change 

in order to aid people residing in both developed and developing countries.  
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2.3 Climate Change effects in Ireland 

The effects of climate change have become more and more apparent in Ireland over 

recent years. The latter months of 2015 and early 2016, saw many parts of the country 

devastated by heavy rainfall resulting in extensive flooding. As a nation, it is indisputable 

that we are highly vulnerable to the effects of flooding and that the majority of communities 

within Ireland do not have the capacity to anticipate, cope, resist and recover from such 

intense rainfall patterns.  

“Effective actions are needed to reduce vulnerabilities to the negative impacts, take 

advantages of opportunities that may arise and increase social, economic and 

environmental resilience.” (Peptides, 2016).  

In addition, community capacities need to be strengthened throughout. Improvements in 

knowledge transfer through information, communication, adaptation and alleviation 

technologies will enhance community engagement, resulting in communities more prepared 

for withstanding the effects of flooding. 

In a report published by the Environmental Protection Agency (EPA), Ensemble of Regional 

Climate Model Projections for Ireland, it outlines how global climate change is anticipated to 

affect Ireland’s mid-21st -century climate. The report focuses on providing an outline of 

expected temperature, rainfall, storm track, mean sea level and wind energy projections.  

The report concludes that by the middle of this century; 

• Mean annual temperatures will increase by 1–1.6°C, with the largest increases 

seen in the east of the country. 

• Hot days will get warmer by 0.7–2.6°C compared with the baseline period. 

• Cold nights will get warmer by 1.1–3.1°C. 

• Averaged over the whole country, the number of frost days is projected to 

decrease by over 50%. 

• The average length of the growing season will increase by over 35 days per year. 

• Significant decreases in rainfall during the spring and summer months are likely. 
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• Heavy rainfall events will increase in winter and autumn. 

• The energy content of the wind is projected to decrease during spring, summer 

and autumn. The projected decreases are largest for summer, with values ranging 

from 3% to 15%. 

• Storms affecting Ireland will decrease in frequency, but increase in intensity, with 

increased risk of damage. (Nolan, 2015) 

Many of the changes outlined above have already begun to appear with Ireland recently 

experiencing extensive and widespread rainfall which led to the flooding of many 

commercial and residential properties along with the inundation of agricultural land. A 

combination of heavy periods of rainfall and the occurrence of six storms, impacted the 

harsh weather patterns Ireland experienced during the winter months of 2015/2016. An 

evaluation of this extreme flood event highlighted just how unprepared Ireland is, to deal 

with the deluge endured during this period. There is a clear need for the reassessment of 

solutions currently in place for dealing with severe weather conditions and we need to 

implement new strategies for anticipating, coping, resisting and recovering from the effects 

of these newly intensified weather patterns. 

 

2.3.1 Agricultural Impacts 

Climate change and particularly flooding has had devastating impacts on the Irish 

community. Research has revealed that climate change greatly affects the Irish population 

environmentally, agriculturally, socially, economically and physically. The agricultural sector 

in Ireland produces a far bigger return than any other traded sectors. There are 

approximately 167,500 people employed in the agri-food sector, and is our most important 

indigenous manufacturing sector.  

A report from Teagasc, The impact of climate change on Irish farming, Dr.Thia Hennesy 

(2010) expresses the threats and opportunities associated with the changing climate and 

how it is predicted to affect farming in Ireland. This report is primarily based around the 

economic benefits of increased temperatures on agriculture, however, the report does not 

outline the importance of reducing our GHG outputs in the fight to mitigate climate change. 
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It has been conclusively shown that the growth of grass in particular is an asset to livestock 

farmers, resulting in larger quantities of fodder for their herds and a reduced need for 

manufactured agricultural feeds. In light of this, it is possible that livestock farming may 

significantly increase with the huge economic gain associated with the cattle rearing 

industry. Previous studies have revealed that, “The livestock sector contributes between 25 

and 40 per cent of all anthropogenic methane emissions – the biggest single source.” 

(Grasslands, 2005), this suggests that a rise in livestock populations could increase Ireland’s 

production of GHG’s.  

In another report carried out in The Irish Climate Analysis and Research Units (ICARUS), 

NUIM, it is highlighted that the acceleration of global warming will have adverse effects on 

tillage farming and has the potential to impact negatively; 

“…in relation to pests and diseases, crop yields, flooding, plant and animal stress 

factors, drought effects and the ability to provide sufficient resources for animals 

during extreme events” (Flood, 2013).  

Flood concludes that all aspects related to climate change should be carefully considered 

and we need to plan accordingly. Some of the methods for adaptation recommended in this 

report include;  

“increasing crop diversity and varieties, altering planting and harvest dates, planning 

for and implementing water supply management strategies, and supporting research 

that focuses on identifying crops that can grow more successfully in the next 10 or 20 

years, taking into account the expected continuing changes in climate and growing 

seasons.” (Flood, 2013).  

To conclude, climate change is expected to have both positive and negative effects on the 

Irish agricultural industry. This information provided in these reports is of great value with 

the provision of knowledge on improved methods for adaptation in relation to agriculture. 

However, both authors offer very little information emphasising methods for delaying 

advancements in global warming, alternatively highlighting that livestock farming could 

prosper. Advancement in this area could result in increased production of methane, 

boosting Ireland’s GHG emission outputs and assisting in the acceleration of climate change.  



11 
 

2.3.2 Social Impacts on Ireland 

There is little information published on the societal issues associated with climate 

change in Ireland, particularly in relation to flooding and its impacts on communities. Based 

on news articles and various reports, flood related events impact negatively on several 

aspects of human life “Climate change affects human health, livelihoods, safety, and 

society” (Global Humanitarian Forum, 2009), with some cases being more severe than 

others depending on an areas environment, societal issues, financial position etc. It is clear 

that Ireland needs to strengthen its capacity for reducing the issues associated with flood 

events.  

The flooding that occurred during the winter of 2015 and early 2016 has triggered some 

much-needed action, in the hope of increasing preparation for the future. In the recent, 

OPW RESPONSE TO THE WINTER 2015/2016 FLOODING IN IRELAND, written by Oliver 

Nicholson and Dr. Fasil Gebre, they evaluate the response from The Office of Public Works 

(OPW) during the last major flood events. This report describes the intensity of the floods 

and outlines work carried out by the OPW in collaboration with various national and 

international Governmental Bodies. The key findings from this report conclude that; 

 On 5 January 2016, the government decided to establish a National Flood 

Forecasting and Warning Service. This decision has provided the opportunity to 

proceed with a first stage of implementation of the service that will involve the 

following elements: 

- Establishment of a National Flood Forecasting Service as a new operational unit 

within Met Éireann, and 

- Establishment of an independent Oversight Unit within the Office of Public Works 

(OPW). (Nicholson & Gebre, 2016)  

They also draw attention to the evidence that many places were not capable of anticipating 

these extreme weather conditions and one of their principal means of receiving important 

data was through the European Flood Awareness System (EFAS). Even though EFAS is a very 

useful tool for publicising the potential of a flood, there is a need for “more accurate and 

site specific flood forecasts” (Nicholson & Gebre, 2016) 
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2.4 Flooding 

Over the past 50 years the world has witnessed an increase in extreme weather 

conditions such as drought, storms, flash floods etc. There are records of events of similar 

severity in history, however they have become more and more frequent in recent years.  

In a recent report by the United Nations, it is revealed that flooding is the most common 

natural disaster experienced worldwide. It is estimated that 2.3 billion people have been 

affected by flood related events from the year 1995 to 2015.  

  

The focus area for this research project is flooding, the impact of floods on communities, 

how community resistance can be increased and the design and implementation of effective 

solutions and systems for communities that are identified as being less prepared for flood 

events. In a recent publication produced by the UN (United Nations), “The Human Cost of 

Weather Related Disasters”, it states that;   

“Since 1995, floods have accounted for 47% of all weather-related disasters, affecting 

2.3 billion people. The number of floods per year rose to an average of 171 in the 

period 2005-2014, up from an annual average of 127 in the previous decade.” 

(Center for Research on the Epidemiology of Disasters (CRED) & The United Nations 

Office for Disaster Risk Reduction (UNISDR), 2015) 

Figure 3 Number of people affected by weather related disasters (1995-2015) Source: (UNISDR) 
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In the same report an example is provided, showcasing the increase in the number of 

people affected by floods in South America in the two periods between 1995-2004 and 

2005-2014. In the first decade 560,000 people were affected on average each year, the 

second decade shows a serious increase to 2.2 million people, nearly four times larger than 

the statistics for the previous decade.  

This is a massive and rapid increase over a short period of time and proves that flooding is 

becoming more of an issue across the globe. To address this effectively, countries need 

solutions tailored to suit their own needs and their nation’s capacity.  

FloodList, an online forum that provides information to people worldwide concerning 

floods, issued an article based on a report published by The European Environment Agency 

(EEA). This report, ‘Floodplain Management: reducing flood risks and restoring healthy 

ecosystems’, by the EEA has outlined how flooding is anticipated to continue accelerating 

over the coming years. 

“Annual flood losses can be expected to increase fivefold by 2050 and up to 17‑fold 

by 2080. The major share of this increase (70–90%) is estimated to be attributable to 

socio‑economic development as the economic value of the assets in floodplains 

increases, and the remainder (10–30%) to climate change.” (Vanneuville & 

Environment, 2016) 

While climate change is considered the main contributor to the cause of extreme weather 

patterns, there are other factors such as urbanization, human interference with waterways, 

social and economic development etc. all of which play a part in the impact a natural 

disaster has on our society.  

Previously, frequent flooding has occurred in many areas in Ireland, however, few methods 

for prevention or protection have been implemented since. Bandon is just one example of 

an area that had been flooded before but were unprepared for the extreme weather events 

that took place during the end of 2015 and early 2016; 

“Despite the provision of sandbags and the overnight work of the fire brigade 

pumping thousands of gallons of water off the streets, businesses were flooded. With 

no insurance, damage to property and loss of trading, retailers on South Main St 
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were counting the substantial cost of the second major flood in six years.” (Examiner, 

2015) 

Another major issue for the country is the poor planning decisions and permission that had 

been granted for building residential and commercial properties on areas that had been 

marked as floodplains. In a report from The Irish Times, published on the 16th of December 

2016, Chairman of the Oireachtas Joint Committee Michael McCarthy spoke about property 

and flood insurance after the launch of the Oireachtas Report on Flooding and Property 

Insurance 2015, at Leinster House, Dublin. 

“Asked about homes built in floodplains Mr McCarthy said the report was in favour of 

a complete ban on development in these areas. But he said the recurring problem of 

flooding across the country was having a devastating impact on those already in 

high-risk areas.” (O’Brien, 2015) 

As a result, the Government are beginning to consider a ban on building in the areas 

subjected to floods, however, many residents who were granted permission to build in the 

past, currently own properties on or near floodplains. These affected community members 

have very few options left to protect and preserve their homes and businesses as the issue 

of flooding worsens.  

The country now looks to the Government to implement strategies and flood defences to 

reduce the impact of severe flooding and lessen the extent of the damage caused.  

Since the last major flood, the OPW have assessed some of the worst affected areas in the 

country and have made plans to erect hard defences to minimise risk. The majority of these 

flood relief schemes could take up to 5 years to complete depending on how long it takes to 

carry out the five stages of the flood relief scheme. These five stages include:  

Stage 1: Feasibility & Preferred Option Selection 

Stage 2: Environmental Assessment & Planning 

Stage 3: Detailed design, tender process & award of construction contract 

Stage 4 & 5: Construction & Handover (Cork County Council, 2014) 
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With such a long process to construct these flood defences, and with many of these being 

unable to reach all persons affected, it leaves community members, usually inhabiting rural 

areas, exposed to the effects of a flood disaster. This information has highlighted that there 

is an opportunity for an advancement in community awareness and a chance for people to 

develop their own strategies for protecting themselves and other affected communities 

within Ireland. 
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2.5 Adaptation – Section 2 

Adaptation to the acceleration of our changing weather patterns is vital in the fight 

against climate change. Adaptation is defined as;  

“The process of adjustment to actual or expected climate and its effects. In human 

systems, adaptation seeks to moderate or avoid harm or exploit beneficial 

opportunities. In some natural systems, human intervention may facilitate 

adjustment to expected climate and its effects.” (Mach, Planton, & von Stechow, 

2014)  

Adaptation Technologies refer to new methods of carrying out certain activities in response 

to global warming and extreme weather conditions. These technologies are used in order 

to; 

“reduce the negative effects of climate change (or exploit the positive ones) by 

making the appropriate adjustments and changes.”(UNFCCC, 2007).  

The UNFCCC implement adaptation action through National Adaptation Plans (NAPs) and 

National Adaptation Programmes of Action (NAPAs). Adaptation Technologies are crucial in 

assisting countries inadequately prepared for the effects of global warming. These include 

activities such as farming, fishing, irrigation, water purification, sea defences etc.  

As a result of our increased global temperature, it is important that vulnerability is reduced 

and that proper adaptation measures are introduced. The United Nations Framework 

Convention on Climate Change (UNFCCC) was established in 1994 and now has 191 member 

countries. The aim of the UNFCCC is to provide the basis for united action on an 

international level to mitigate climate change and improve adaptive capacities. (UNFCCC, 

2007). The Organisation for Economic Co-operation and Development (OECD) report, 

‘adaptation to climate change: Key Terms (2006)’, distinguishes several different types of 

adaptation; Anticipatory, Autonomous, Planned, Private, Public and Reactive.  

 Anticipatory Adaptation—Adaptation that takes place before impacts of 

climate change are observed. Also referred to as proactive adaptation. 

 Autonomous Adaptation—Adaptation that does not constitute a conscious 

response to climatic stimuli but is triggered by ecological changes in natural 
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systems and by market or welfare changes in human systems. Also referred 

to as spontaneous adaptation. 

 Planned Adaptation—Adaptation that is the result of a deliberate policy 

decision, based on an awareness that conditions have changed or are about 

to change and that action is required to return to, maintain, or achieve a 

desired state. 

 Private Adaptation—Adaptation that is initiated and implemented by 

individuals, households or private companies. Private adaptation is usually in 

the adaptor's rational self-interest. 

 Public Adaptation—Adaptation that is initiated and implemented by 

governments at all levels. Public adaptation is usually directed at collective 

needs. 

 Reactive Adaptation—Adaptation that takes place after impacts of climate 

change have been observed. (Levina & Tirpak, 2006) 

Many countries at national and international levels have already began to adopt adaptation 

policies, however, studies on post development approaches to climate change adaptation 

have revealed that community efforts at local level rarely have impact externally. The aim of 

this post development perspective is to evaluate how local actions can aid communities 

globally. (Philip & Katharine, 2013)  

Philip et al., provide a strong proposal for aiding adaptation on a global scale using the 

success of local initiatives which can also be extremely beneficial for communities at 

national levels.  

In the Climate Change Research Programme (CCRP) 2007-2013, Report Series No.9 by the 

EPA (2013), it is highlighted that in order to aid planning for climate change effects, accurate 

information is required on anticipated impacts, capacity for adaptation, vulnerable 

communities, economic implications and options for adaptation. These methods could allow 

Irish governmental and non-governmental bodies to assess the vulnerability of communities 

nationwide and adjust plans accordingly to their specific needs. This approach is crucial in 

minimising the effects of unstable weather patterns and the; 
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“assessment of Ireland’s adaptive capacity adds an important dimension to 

understanding how to plan for adaptation.” (Shine & Desmond, 2013)  

Assessment of community capacity to adapt to climate change will help target areas within 

Ireland that are most vulnerable. It acts as the groundwork for informing decision makers on 

methods most appropriate for increasing community vigilance.  

 

2.6 Knowledge and Skill Transfer 

Knowledge transfer (KT) consists of the transmission of influential data from one 

entity to another. This provides people with targeted information on specific issues and 

various methods on how similar areas have adjusted to the effects of natural disasters. It 

allows other countries to adopt these ideas and tailor them to their own community.  

“This knowledge transfer is needed to address issues like compatibility of spatial and 

temporal scales, multidisciplinary and integrated approaches, language used by 

researchers and users of study results, treatment and integration of uncertainties, 

etc.” (Vescovi, Bourque, Simonet, & Musy, 2007) 

The transfer of knowledge is already being carried out within a variety of national and 

international organisations such as the United Nations Volunteers (UNV) who are constantly 

trying to increase information sharing to help improve their voluntary actions. Knowledge 

transfer can be achieved on different scales, for example, between community members in 

small localised areas or between developed and developing countries. Vescovi et al. (2007) 

stresses that effective communication and knowledge transfer between researchers and 

decision makers will be an essential element to ensuring that the correct action is taken. 

User-driven knowledge transfer is fundamental in obtaining valuable data related to efforts 

for reducing the effects of flooding from people in localised areas. This can be shared with 

other community groups that are affected by similar issues.  
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Similar to KT, Skill Transfer (ST) offers solutions to areas of low capacity. Skill Transfer can be 

defined by acquiring skills that can be adapted to new situations and transferred between 

populations. Skill Transfer is an important tool in reinforcing adaptation and is of great 

benefit to areas that are less equipped for tackling disaster related issues.  

 

Information from primary sources, such as active community members, can be a large asset 

to policy/decision makers. Community members are experts in their area with direct 

knowledge on flood related events that affect their own communities. The transfer of 

relevant knowledge and skills is key for communities affected by flooding. It allows for the 

sharing of information and techniques resulting in enhanced preparation and alleviation 

methods associated with predicted and unpredicted weather events.  

2.6.1 Technology Transfer 

Much like knowledge and skill transfer, technology transfer fulfils a similar objective 

by transferring technology from one entity to another. While Technology Transfer (TT) has 

many definitions, the Intergovernmental Panel on Climate Change (IPCC) defines knowledge 

transfer as; 

“…a broad set of processes covering the flows of know-how, experience and 

equipment for mitigating and adapting to climate change amongst different 

Figure 4 Knowledge and Skill Transfer – Source: (Self-generated) 
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stakeholders such as governments, private sector entities, financial institutions, non-

governmental organizations (NGOs) and research/education institutions” (Fox, 

2002).  

Furthermore the IPCC use the term “transfer” in a broad sense, encompassing the dispersal 

of technologies and technology co-operation between and within countries. Technology 

information is an important link to technology transfer. It comprises of;  

“…hardware, software and networking, to facilitate the flow of information between 

the different stakeholders to enhance the development and transfer of 

technologies.”(Nations United Framework Convention Climate Change, 2007).  

Both these components are fundamental to ensure a clear understanding, use and 

replication of technology as well as the capacity to choose appropriate technologies and 

adapt them to local conditions. The UNFCCC launched TT: CLEAR, the technology transfer 

information clearing house, in September 2001. TT: CLEAR operates as a gateway for 

information on technology transfer issues at global level.   

To date, there is very little published work on the benefits of Technology Transfer in relation 

to climate change in Ireland. The availability of information on adaptation and mitigation 

technologies would have huge benefits for vulnerable communities across the country. The 

OPW highlight the European Flood Awareness System (EFAS) as a means for people at local 

levels to obtain important data on flooding, however, Ireland has no specific platform where 

individuals can gather information on all aspects of adaptation, alleviation, knowledge, skill 

and technology transfer, mechanisms to anticipate, cope, resist and recover etc. tailored 

specific to communities nationally. (Nicholson & Gebre, 2016) 

2.7 Social Vulnerability 

According to Singh et al., (2014) the characteristics that define vulnerability consist 

of “… a person or group and their situation that influence their capacity to anticipate, to 

cope with, resist and recover from the impact of a natural hazard.” Vulnerability can be 

measured in terms of physical, social, environmental and economic factors or processes 

along with factors that enhance social vulnerability. (Singh et al., 2014). Oliver Smith states; 
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“Like few other phenomena the internal complexity of disasters forces us to confront 

the many and shifting faces of socially constructed reality (ies). The complexity is 

embodied in the multiplicity of perspectives as varied as the individuals and groups 

impacted or participating in the event and process” (Oliver-Smith, 1999). 

Smith highlights that social vulnerability is tailored to specific populations and is determined 

by a variety of participant’s mind-sets and views along with various other factors. In a report 

by the International Journal of Interdisciplinary and Multidisciplinary Studies – The Concept 

of Social Vulnerability: A Review from Disasters Perspectives (Singh et al., 2014), underlines 

that disaster is perceived as being a collaboration of two conflicting issues, these being 

natural hazards and a vulnerable society. Disasters have huge impacts globally, and those 

who are ill-prepared and do not possess the capacity to withstand major flood events, fail to 

combat these issues effectively. 

 

In a report carried out within the United Nations University, Dr. Ingenieur assesses the 

Social Vulnerability for River-Floods in Germany. In his introduction he outlines the 

importance of mapping social vulnerability as a valuable tool; 

Figure 5 Mapping Social Vulnerability – Source (Self-generated) 
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“The assessment of social vulnerability unveils hidden weaknesses and strengths of 

the human society towards a certain stressor or hazard.”  (Fekete, 2009) 

Some advancements have been made in relation to mapping in Ireland. CFRAM have 

recently developed an online interactive map, to aid preparation for flood risk assessment. 

These detailed sources of information need to be combined to give a greater understanding, 

at local level, of the repercussions of the occurrence of a natural disaster on an overall social 

scale with the potential of being used to assess future trends. 

 

2.8 Social and Behaviour Change Communication 

During the early stages of this research project, through the study of relevant 

literature and engagement with community members affected by flooding, the researcher 

has become aware of some behavioural obstacles that need to be overcome to ensure that 

the outcome of this research is of benefit to the Irish community. Social and Behaviour 

Change Communication (SBCC); 

“…is the use of communication to change behaviours, including service utilization, by 

positively influencing knowledge, attitudes and social norms. More than just an 

advertisement or website, SBCC coordinates messaging across a variety of 

communication channels to reach multiple levels of society…” (The Health 

Communication Capacity Collaborative HC3, 2016) 

In an increasing material world, we have become consumers in regards to all aspects of life. 

The possibility of convincing individuals or groups of people to invest in something that they 

cannot see immediate or long-term benefits from is, therefore, very small. With the 

development of the UNFCCC’s redesigned website TT: CLEAR, one of the most critical 

elements included was the addition of success stories. These success stories include natural 

disaster reduction and adaptation efforts achieved by countries worldwide. The 

incorporation of these aims to allow practitioners and private sector users to familiarise 

themselves with procedures that have been successfully undertaken by countries that suffer 

from climatic issues.  
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This example illustrates how similar activities can be carried out for those areas who are 

vulnerable to the effects of climate change. Success stories act as a benefit statement for 

those in search of ways to improve their efforts toward delaying the effects of global 

warming. For Ireland a similar approach must be taken in order to motivate members of the 

community to invest in assisting themselves and their community. 

 

2.9 Community Resilience 

The primary objective of this research study is to inspire communities and increase 

resistance against the effects of flooding. Community resilience has no commonly accepted 

definition, however, for this study the researcher focused on community social resilience.  

The International Federation of Red Cross and Red Crescent Societies defines resilience as; 

“the ability of individuals, communities, organizations or countries exposed to 

disasters, crises and underlying vulnerabilities to anticipate, prepare for, reduce the 

impact of, cope with and recover from the effects of shocks and stresses without 

compromising their long-term prospects.” (IFRC, 2014) 

When an event such as a flood strikes a community, it can cause great strain and, in time, 

leads to increased exposure and vulnerability in the future.   

“A local community is considered as a complex adaptive system, composed of closely 

linked social, economic, physical and institutional components. In case of disruption, 

the interrelationship between the components makes the local community vulnerable 

for cascade effects that can seriously affect its functioning.” (Ivanis, Babić, & 

Komazec, 2016).  

This view is backed up by Norris et al., (2008), expressing that that community resilience 

cannot be “measured or monitored simply”.  

A recent publication on Enhancing Community Resilience (2016), has provided the 

researcher with significant insight on theories associated with adaptive systems and ways of 

enhancing the ability to endure certain strains. The document highlights how a community 

is a complex system, comprised of linked components such as society, economy, physical 
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characteristics and institutions.  One of the most important key points to take from this 

publication is the importance of bridging the collaborative gap “…between the affected 

community, the responding community and the responding professionals.” (Ivanis et al., 

2016). In response to these findings COBACORE, a collaborative research project for 

Community Based Comprehensive Recovery, was set up and funded by the European 

Commission with partners in Holland, the UK, Germany, Ireland, Spain and Slovakia.  The 

project seeks to assist communities during post-crisis recovery periods and aims to close or 

reduce any collaboration gaps between stakeholders within and beyond the affected 

community (See Figure 6). COBACORE is a valuable and effective tool for enhancing 

community vigilance, however, anticipatory, endurance and prevention methods also need 

to be taken into consideration.   

In a paper on ‘Community Resilience as a Metaphor, Theory, Set of Capacities and Strategy 

for Disaster Readiness’ (Norris et al., 2008), a variation of components that influence a 

community’s adaptive capacities are examined. Key findings from this paper conclude that 

community wellbeing and endurance materialises from a range of diversified adaptation 

capacities i.e. “robustness, redundancy, and rapidity.” (Norris et al., 2008). Secondly, if 

communities are to make improvements regarding awareness, then it is important that they 

work together as a unit, engaging decision makers with local people and creating new links 

and stronger relationships to enhance and preserve naturally occurring social support 

systems. The third key point emphasises ‘place attachment’ as a stimulus. This is the driving 

force behind many community based initiatives comprised of individuals that live in 

communities who feel a strong attachment to their area. This increases the likelihood of the 

community to rebound and recover from issues that threaten their vulnerability.  

Figure 6 COBACORE - Approach for disaster recovery - Source (COBACORE, 2017) 
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To conclude, communities are complex, which often makes it difficult to encourage societal 

change. However, data from several studies outline various methods of tackling these 

obstacles, many of which focus on bridging gaps between community members, responding 

community members (volunteers) and responding professional community (governing 

bodies, local authorities etc.), which can significantly reduce vulnerability. 

 

2.10 Open Source 

The research brief outlines that the outcome of this study is to provide a community-

based design initiative for open-source, used centred design. Currently there is a large body 

of literature published on open-source software (OSS) design and open-source technology, 

however, little information has been published on open-source product design. According to 

opensource.com; 

“The term "open source" refers to something people can modify and share because 

its design is publicly accessible” and open-source software is “Open source software 

is software with source code that anyone can inspect, modify, and enhance.” 

(RedHat, 2016).  

Essentially, open-source in relation to user-centred design describes an artefact, or range of 

artefacts, that are available for the consumer to modify its use to suit a variety of needs. For 

example, rubber bands have the primary function of holding multiple items together, 

however they now have several uses like; hanging objects, a hair band, an eraser, an 

electrical insulator etc.  

Figure 7 Bridging the Gap between Information and Community Members – Source: (Self-generated) 
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The objective of this research is to increase community resilience through a community 

based initiative linked to a product or range of products that can aid communities 

vulnerable to flood related events. To achieve this through product design, User Experience 

(UX) and User Interface (UI) were explored to gain a greater understanding how people 

interact with open-source technology and products available at present. 

In the report, Innovation by User Communities – Learning from Open-Source Software, Eric 

von Hippel compares two methods of distributing user innovations. He states that;  

“For information products, general distribution within and beyond the user 

community is carried out by the community itself – no manufacturer is required. For 

physical products, general distribution typically requires manufacturers.” (Hippel, 

2001).  

He argues that open-source software is more advantageous because it can be distributed 

for free as it is just information, whereas the production of a physical product requires 

economies of scale. In light of his argument, it is true that OSS is an efficient tool and 

requires less processes than that of a physical artefact, however, research findings 

suggested that a combination of the two could provide a more integrated a more 

advantageous solution.   

 

2.11 User Experience (UX) 

User Experience (UX) is represented as being; 

“Every aspect of the user's interaction with a product, service, or company that make 

up the user's perceptions of the whole. User experience design as a discipline is 

concerned with all the elements that together make up that interface, including 

layout, visual design, text, brand, sound, and interaction. UE works to coordinate 

these elements to allow for the best possible interaction by users.” (Usability 

Professionals Association, 2010) 

UX is linked to almost every aspect of our daily lives, especially in relation to products and 

services. Open-Source Software (OSS) is a tool that is widely available to users where they 
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can inspect, modify and enhance this operating system, therefore it needs to be user-

friendly and have a well-designed User Interface (UI). When designing a physical product for 

human use, the designer must consider the enhancement of user satisfaction throughout.  

UX is a crucial element in human to product interaction but can also benefit human to 

human communication, by enhanced information sharing and product usability through the 

transfer of data using OSS. In a report on the use of social media as an information source 

for rapid flood inundation mapping, the advantages of using social media in gathering 

qualitative information, and the benefits of retrieving primary data on flood related issues 

are outlined.  

“…social media as an information source for rapid inundation mapping provide the 

opportunity to close the information gap when traditional data sources are lacking or 

are sparse.” (Fohringer, Dransch, Kreibich, & Schroter, 2015) 

To conclude, OSS greatly serves the enhancement of knowledge transfer. The aim of 

this research project is to combine Open Source Software and Product Design, both of which 

will incorporate User Experience and User Interface to allow individuals and groups to 

operate these products easily. A combination of methods for improving flood resistance will 

aid shared knowledge and skills between communities with the aim of increasing 

community engagement and, in turn, result in strengthened capacities. 

 

 

2.12 Conclusion – Expected Impacts 

Throughout this literature review a foundation of knowledge was gathered on areas 

related to global warming which provided insight into three key areas; Global Warming, 

Natural Disaster Impacts on Communities and Community Resilience. Information was then 

collected on factors that impact these three key areas, such as; Knowledge and Skill 

Transfer, Social Vulnerability, Open Source Technology.  
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Conclusions that have been drawn from this research include;  

Communities are extremely complex units comprised of economic, social, physical and 

institutional components. If the relationship between these units is disrupted by an event 

such as a flood, the community becomes vulnerable and susceptible to damage. In order to 

maintain and strengthen relationships within the affected community, then the 

collaboration, integration and cooperation of the responding community and the 

responding professional needs to be established, developed and perfected. This can be 

accomplished by focusing on enhancing information exchange through open-source 

technology and software, establishing links between the responding professionals, 

responding community members and affected community, transferring methods for 

adaptation, decreasing social vulnerability and using user-driven knowledge to address 

multidisciplinary and integrated approaches (See Figure 8). This infographic outlines the 

gaps in existing knowledge, particularly at national level. 

 

As communities are classed as being extremely complex, it makes it difficult to implement 

societal change, however, research suggests that the appliance of adaptation technologies 

can provide long term benefits for vulnerable groups and progressively influence changes 

into society. Using social mapping as starting point, it aims to create awareness on the areas 

that are most susceptible to flooding. The introduction of advanced methods for knowledge 

and skill transfer will enhance community capacities within areas prone to flooding and 

allow information to be adopted and integrated into other communities. By creating a 

stronger connection within communities and extending links across at national level, a 

larger archive of knowledge is generated. The addition of success stories, communicated 

through an online platform, provides communities with a benefit statement, enticing 

individuals to engage in new and existing successful community group based initiatives. 

 

The evidence from this literature review suggests that there are many factors that must be 

taken into consideration when enhancing community endurance. The complexity of 

different community groups highlights the difficulties associated with the introduction of a 

new community based initiative. A slow integration of knowledge, skills and technology, can 

over time, alter behavioural patterns and entice community groups to engage in community 

led initiatives geared towards minimising the effects of flood related events.  
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Global warming resulting in climate change has been identified as not being universally 

accepted by people across the globe. There is a huge emphasis on the effects of climate 

change at global level but little has been seen at national level. It has been identified, 

through secondary research that the link between Global Warming resulting in Climate 

Change and new extreme flood events at national level is missing.  

 

The original working title outlined the development of a community-based design initiative 

for open-source user-centred design solutions. This, along with existing gaps in knowledge 

identified in the literature, such as the need for transferring old and new flood related data 

through open-source technology and software, assisted in the development of the following 

research questions; 

 What are the necessary elements needed to assist in empowering a vulnerable 

person or group of people? 

 How can societal change be enhanced through open-source, user-centred design 

solutions? 

 Could the integration of skills and technology along with existing and new knowledge 

enhance community preparation against flood related events? 
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3.0 Methodology 

3.1 Introduction 

This chapter outlines the appropriate research methodologies selected to establish 

the structure for the development of this research project. Methodologies selected include; 

 Grounded Theory 

 Narratives 

Each methodology was chosen based on; 

 Suitability to the research area 

 Ethical Considerations ensuring selected methods work in compliance 

with IT Carlow’s Ethics in Research Policy 

 Timeframe controlling each phase of the project 

 Expected Outcomes and how each method could facilitate the best result 

 Feasibility for grounding the research 

 Limitations impacting the breadth of research carried out  

The original working title “A community-based design initiative for open-source, user-

centred design solutions against flood events affecting communities” provided the 

researcher with a starting point for exploration, highlighting the themes; community-based, 

open-source, user-centred design and flood events. These themes were analysed in an 

initial research period through the investigation of secondary sources as highlighted in 

Chapter 2 – The Literature Review. 

Conclusions extracted from the literature review highlighted that the introduction of 

enhanced knowledge, skill and technology transfer could provide communities with the 

tools for implementing change and inspiring affected communities. This, combined with 

open-source product design, may provide the framework necessary to prepare, cope, resist 

and recover from flood events. These findings provided the researcher with the groundwork 

for the formulation of a hypothesis.  
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‘It is possible to increase community capacities for mitigating the effects of 

flooding by facilitating the transfer of knowledge, technology and skills 

through open-source, user-centred design’. 

The hypothesis highlights that in order to create community empowerment, links between 

responding professionals, responding community and affected community members need 

to be strengthened through enhanced knowledge, technology and skill transfer.  

 

This, in turn, may provide the foundation needed to increase community capacities for 

minimising the effects of flooding by: 

 Financially – Increasing preparation before a flood event occurs, 

 Socially – Reducing the feeling of isolation between community members 

and within communities, 

 Environmentally - Providing protection for property, land, livestock etc. and  

 Economically – disrupting employment, transport, tourism etc. 

Figure 9 Responding Professionals, Responding Community and Affected Community 
Members - Source: (Self-generated) 
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This research aimed to explore how communities are affected by flooding and what 

elements within communities structures need to be strengthened to increase 

empowerment.  

3.2 Establishing Appropriate Methodology 

3.2.1 Epistemology 

For this research study, the researcher followed a constructivist and transformative 

paradigm. The constructivist paradigm allowed the researcher to construct their own 

subjective representations of objective reality. The transformative paradigm facilitated the 

use of qualitative methods for data collection involving key stakeholders throughout the 

research project. These approaches used research methods such as unstructured interviews, 

participant observations, focus groups etc. and ensured an empathetic approach to the 

research undertaken. These qualitative methods helped to develop an understanding of the 

“values, opinions, behaviours and social contexts of particular populations.” (Family Health 

International, 2005)  

Qualitative research enhanced the researcher’s knowledge surrounding issues related to 

flooding from the perspective of affected community members impacted by weather 

related events. Qualitative research methods facilitated a flexible approach toward the 

interactions between the researcher and each participant involved in this study. Open-

ended interviews resulted in a conversational approach allowing the participants to respond 

in their own words rather than a simple “yes” or “no” answer. 

 

3.2.2 The Approach 

 The constructivist and transformative paradigms followed an inductive approach for 

qualitative data analysis. Inductive reasoning as a “bottom up” approach is an efficient 

method for analysing qualitative data. Observing specific patterns offered clear direction 

and provided a tentative hypothesis for further investigation. 

According to Thomas, the three primary purposes for using a general inductive approach 

are;  
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“1. To condense extensive and varied raw text data into a brief, summary format,  

2. To establish clear links between the research objectives and the summary findings 

derived from the raw data and  

3. To develop of model or theory about the underlying structure of experiences or 

processes which are evident in the raw data.” (Thomas, 2003)  

Thomas claims that an inductive research approach allows for findings to emerge from 

dominant themes within raw data as opposed to structured methodologies which can 

impose restrictions on the research outcome. This allowed for the investigation into 

community-based, open-source, user-centred design solutions against flooding to be 

unconstrained. By following an inductive approach the researcher could identify gaps in 

existing knowledge and extract common strengths and weaknesses within each area being 

examined. 

 

3.2.3 Action Research  

Action Research or Active Research (AR) allows the researcher to identify a question 

or questions, test a strategy, gather data and determine if the chosen strategy works. 

Bridget Somekh (2017) outlines that AR is differentiated from other forms of research by 

how it is an integration of both research and action. AR bridges the gap between research 

and practice. Jack M. Pernecky (Press & Education, 2017) expresses that the most important 

aspect of AR is that it grows the researcher’s understanding of the research area. AR is a 

fundamental element to any research project. One round AR was used to assist in the 

development of a hypothesis from data collected during this study. 

 

3.2.4 Grounded Theory 

Theory that is established using an inductive research approach to the collection of 

data is referred to as Grounded Theory. The 1967 publication by Barney G. Glaser and 

Anselm L. Strauss, The Discovery of Grounded Theory: Strategies for Qualitative Research, 

provides the foundations for how theory developed from data can be furthered. Grounded 

Theory ‘provides relevant predictions, explanations, interpretations, and applications’. 

(Glaser & Strauss, 1967) Glaser and Strauss highlight that prior to being confined to the 
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method of coding, the researcher must constantly redesign and reiterate theoretical notions 

as the material is reviewed. Joint collection, coding and analysis of data follow an iterative 

process throughout research to establish and justify newly generated theories.  

Theoretical Sampling involves the collecting, coding and analysis of data. The emerging 

theory helps define the data that needs to be collected next. This is a key component for 

developing grounded theories.  

“Theoretical sampling necessitates building interpretative theories from the 

emerging data and selecting a new sample to examine and elaborate on this theory.” 

(Glaser & Strauss, 1967) 

Theoretical Saturation is one of the main components within this sampling strategy. The 

researcher carried out theoretical sampling until saturation was reached. In the 2006 

publication, Constructing Grounded Theory, by Kathy Charmaz (2006), Theoretical 

Saturation is described:  

“Categories are ‘saturated’ when gathering fresh data no longer sparks new 

theoretical insights, nor reveals new properties of your core theoretical categories.” 

(Charmaz, 2006) 

Grounded Theory, similar to the design process, follows constant iterative 

development and, therefore, was selected as an appropriate method for data collection and 

analysis. This methodology allowed the researcher to develop questions based on findings 

from the literature review. These questions were then carried through the project and 

addressed in the field research and design phases. 

 

3.4 Data Collection 

The researcher followed an interpretivist approach using qualitative methods for 

collecting data. Open-ended and semi-structured interviews with representatives from 

various Governmental Bodies and stakeholders provided insight into the research area. This 

allowed for the generation of a loose framework that facilitated a flexible design approach.  
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The researcher utilised field research, narratives and an internship experience to gather 

experiential data relevant to the research area. Data related to stakeholder experiences 

concerning flood events was gathered through open-ended interviews.  

Narratives allowed the researcher to assess individual community levels of flood risk 

management and identify key elements needed within communities to allow for self-

empowerment.  

An internship undertaken by the researcher provided valuable insights into the work of 

communities at global level and to observe the execution of strategies designed to help 

mitigate the effects of climate change.  

The majority of methods utilized, resulted in the collection of knowledge through 

stakeholder experiences, leaving the emerging data open to researcher interpretation. Data 

collected provided the researcher with sufficient knowledge for achieving a balanced 

understanding the effects of flood events on communities at national and international 

levels. 

3.5 Data Analysis 

 Qualitative data analysis was carried out after information was gathered through 

interviews, focus groups, observation and document analysis. Qualitative data analysis, 

involving labelling and coding, was carried out in order to form a clear understanding of 

factors related to each scenarios being investigated. Participant samples consisted of 20+ 

individuals. This allowed for the development of a large database of information based on 

individual and collaborative experiences relevant to each case study area. The data collected 

was coded and analysed to identify contrasting themes and reoccurring patterns within and 

between communities. This helped the researcher establish gaps in existing knowledge and 

highlighted key elements required for engaging community members.  
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3.6 Research Design 

The research was broken into phases to facilitate the collection of theoretical 

knowledge. The mixed methods approach allowed both primary and secondary research 

methods to be utilised throughout. Results from primary and secondary research informed 

and guided each phase of this study. In order to develop a clear understanding of how the 

research was carried out, each phase will be discussed in isolation. 

 

3.6.1 Research Phase One: Literature Review 

 The literature review acted as an initial investigation into existing knowledge and 

aimed to expand the researcher’s understanding of the specified area. The majority of 

literature sourced stemmed from online articles and published documents. The review of 

current literature granted the researcher the opportunity to identify gaps in existing 

knowledge. This initial enquiry formed the foundations for generating research questions 

that provided direction for this study.  

Research Questions:  

1. What are the necessary elements needed to assist in the preparation and 

empowerment of a vulnerable person or group of people? 

2. How can societal change be enhanced through open-source, user-centred design 

solutions? 

3. Could the integration of skills and technology along with existing and new knowledge 

enhance community preparation against flood related events? 

 

The investigation into current literature allowed the researcher to conduct primary research 

whilst having a strong understanding and awareness of existing knowledge related to the 

research area. The selection of appropriate methodologies for conducting primary research 

was influenced by the analysis of this secondary data.   

 



38 
 

3.6.2 Research Phase Two: Field Research 

 Field research in the form of participant interviews were conducted during the initial 

stage of the research project and throughout. The research area became highly topical 

within the first four months of the project. Ireland, amongst several other countries, were 

impacted by extreme flood events that saw many communities severely damaged. Due to a 

limited amount of published literature on flood events prior to the flood of 2015/16, it was 

important to make contact with individuals who possess first-hand knowledge in the 

research area. 

Initial interviews were conducted with representatives from Local Authorities and 

Governmental Bodies. Ethical considerations indicated that contact made with members of 

the community would be initiated by a gatekeeper who would open up channels of 

communication with potential participants. This approach facilitated the use of semi-

structured interviews with gatekeepers and unstructured interviews with individuals. 

Interviews with participants were informal and unstructured to allow the interviewee to 

respond freely and express their own opinions. This qualitative approach helps emphasise 

the researchers concerns and facilitates the extraction of information that the participant 

feels to be relevant or important.  

 

3.6.3 Interviews with Local Authorities and representatives from Government Bodies 

 Initial interviews were carried out to achieve a clear understanding of the roles 

played by members of local authorities and people employed by the Government during a 

flood event. This allowed the researcher to assess the dependence of community members 

on these organisations and the interdependence of these organisations on each other. 

Interviews were semi-structured and guided by questions specific to flood related issues, 

however if the participant felt the need to express an opinion that may not have been 

brought up during questioning, they were permitted to do so. Each interview was conducted 

in a public location as to allow both the researcher and the participant to feel at ease. Some 

participants were interviewed on several occasions as the research project progressed.  
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3.6.4 Interviews with community members 

 Interviews with community members followed a similar approach. Each interview, 

organised through a gatekeeper, was conducted in a public location chosen by either the 

gatekeeper or the participant. Each participant was issued with a ‘Participants Information 

Sheet’ that provided a background to the research area along with its aims and objectives. A 

full version of the ‘Participants Information Sheet’ can be found in Appendix B. Questions 

were open-ended and were used only to guide the participant through the conversation. 

The researcher used short hand note taking and/or voice recording equipment to document 

each interview which were later transcribed and stored accordingly.  

The research analysed each interview and extracted key themes within the data. These key 

themes were compared with secondary research findings. From this a hypothesis was 

formed.  

Hypothesis: It is possible to increase community capacities for mitigating the 

effects of flooding by facilitating the transfer of knowledge, technology and 

skills through open-source, user-centred design. 

 

3.6.5 Research Phase Three: Narratives 

 This phase of the project offered the researcher the opportunity to gain a broad 

knowledge and understanding of a particular scenario or a collection of related scenarios. 

Secondary research highlighted that the majority of communities across Ireland are poorly 

prepared to cope, resist and recover from flood events. However, a small number 

communities exhibited positive levels of community engagement resulting in increased 

community empowerment against floods. In order to validate these initial findings and 

explore the key factors that have led to particular communities being more resilient than 

others, two primary case studies were carried out.  

Narrative one involved Skibbereen in County Cork a town that demonstrated a high level of 

community resilience and case study two involved Thomastown in County Kilkenny who 

were less resilient as a community. This research aimed to extract key factors within 

Skibbereen for enhancing community capacities. From this, a flood model and social 

resilience model were generated.   
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With each narrative, the researcher was assisted by a gatekeeper or multiple gatekeepers 

linked to that community. The primary objective was to obtain a clear understanding of 

each area and how previous floods have impacted these areas. Conducting narrative studies 

allowed the researcher to analyse and assess these areas from on an observer’s perspective 

whilst being guided by feedback provided by the stakeholders it involves. 

Methods utilised for data collection included investigation into existing publications and 

participant interviews. The researcher gained a general understanding of the areas through 

online research and documents published on relevant flood related incidents. Once a 

sufficient body of knowledge was developed, the researcher organised interviews with 

members of the community through gatekeepers. Unstructured interviews allowed each 

participant to provide a general overview of the community response during a natural 

disaster. This information facilitated the mapping of key engagement points within 

communities and how effectively they work in relation to flood events. Three community 

resilience status infographics were generated. These can be seen in Chapter 4.  

 

3.7 Reliability and Validity of the Research 

 Qualitative research is used to explore social phenomena experienced by individuals 

in their natural context. It is often criticised as being ‘subjective’, however, it is clear that no 

research project can be purely ‘objective’. It is important to understand how and where 

qualitative research is integrated in the research process. Richards highlights that this 

challenge is “captured by Angrosino and de Pérez (2000: 689) writing from the perspective of 

ethnography:” 

“[T]he ethnographer may need to realize that what he or she observes is 

conditioned by who he or she is, and that different ethnographers — equally well 

trained and well versed in theory and method but of different gender, race or age 

— might well stimulate a very different set of interactions, and hence a different set 

of observations leading to a different set of conclusions.” (Angrosino & de Perez, 

2000) 
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In order to demonstrate the reliability and validity of the research undertaken the 

researcher implemented strategies to verify findings. Some of these strategies include; 

 Being aware of personal prejudice related to the research area that may 

impact on findings 

 Constant evaluation and reflection of methods utilised to ensure the 

collection of data and analysis was of sufficient depth and relevance 

 Ensuring all data was collected and stored to demonstrate how findings 

steered the project in a particular direction 

 Conducting case studies to identify differences and similarities between 

communities ensuring that a collection of contrasting perspectives and 

opinions were represented 

 Presenting in-depth descriptions of participant reports to support research 

findings 

 Engagement with other researchers to minimize research bias  

 Interaction with participants throughout the research project in order to gain 

stakeholder opinions on the research direction being proposed for further 

exploration 

 Utilizing data triangulation techniques to verify the accuracy of research 

findings achieved through the use of multiple methods of data collection 

Validity within quantitative research is said to be somewhat easier to evaluate than that of 

qualitative research. This is due to the scientific rigour related to quantitative data analysis. 

Noble and Smith outline that; 

“Unlike quantitative researchers, who apply statistical methods for establishing 

validity and reliability of research findings, qualitative researchers aim to design and 

incorporate methodological strategies to ensure the ‘trustworthiness’ of the findings” 

(Noble & Smith, 2015) 

Interviews involving members of Government Bodies and community members, case 

studies and an internship experience with the UNFCCC were triangulated to provide 

validation for this study. The researcher presented the outcomes of this research to a 
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number of community members involved in the study, which provided verbal validation for 

the proposed solution for increasing community resilience against flood related events.   

 

3.8 Ethical Considerations 

 Ethics in research, also known as moral philosophy, “focuses on providing guidelines 

for researchers, reviewing and evaluating research, and establishing enforcement 

mechanisms to ensure ethical research.” (Aguinis & Henle, 2004). The research project 

complied with ethical guidelines outlined in The Institute of Technology Carlow’s Ethics in 

Research Policy. This policy represents a clear articulation of the research project, its 

methods, aims, objectives and outputs. Guidelines covered in this document include; 

 An outline of the size and composition of participant samples 

 Methods for participant and selection, approach and recruitment 

 Procedures for maintaining participant confidentiality 

 A description of how data is gathered, stored, handled and anonymized 

 Locations proposed for conducting research 

 

3.8.1 Participant Information Sheet 

In compliance with the Ethics in Research policy and highlighted in the Application for 

Ethical Clearance (AEC), contact with participants was facilitated by a gatekeeper. Prior to 

any interview being conducted, participants were issued with a ‘Participant Information 

Sheet’ outlining the following; 

 Objectives of the research project 

 Research methods expected to be utilized 

 An outline of the participants involvement in the project 

 Why their involvement is necessary  

 Any possible risks associated with conducting research and how they will be 

addressed  

 Expected benefits of the research 

 The participant’s right to withdraw at any time  
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 How the research findings will be stored and used 

 To whom it will be reported 

 Confidentiality and anonymity of the participant 

3.8.2 Ethical Issues 

With any research project, the researcher must be aware of any ethical issues that 

may arise when conducting field research involving stakeholders. It important that the 

researcher recognizes how to deal with any concerns that may emerge. Ethical issues 

considered for this research project are as follows; 

 

 Be sensitive to the needs of vulnerable populations 

 Identify a research problem that will benefit participants 

 Treat all participants equally 

 Avoid collecting harmful information 

 Respect the privacy and anonymity of participants 

 Avoid siding with participants 

 Disclose the purpose of the study 

 Avoid putting any pressure on participants 

 

Ethical clearance was achieved by the researcher before any primary research involving 

community members was carried out. 

 

 

 

 

 

 

 

 



44 
 

3.9 Limitations of the Research 

 Due to the 24 month period allocated to this research study, time dedicated to each 

phase was limited. This imposed restrictions on the extent of work carried out during each 

phase of the project. A 3-month internship at the United Nations Framework Convention on 

Climate Change (UNFCCC), from August to November 2016, proved to be very beneficial, 

however, the internship impacted on the overall duration dedicated to this study.  

Action research was applied to this study as an appropriate methodology, however, only 

one round of action research was carried out. It is suggested that action research be carried 

through to a deployment and testing phase to assist in further developing the project. 

Ethical considerations outlined that communication with participants must be achieved 

through a gatekeeper. This was a lengthy process when organising interviews that 

accommodated both the gatekeeper and the participant. Due to the difficulty and time 

consumption in organising one on one interviews it became almost impossible to set up 

workshops comprised of more than one community member. This prevented the researcher 

from obtaining feedback from group sessions which may have highlighted additional issues.  

For future research, is it suggested that workshops should be utilised as a method of 

collecting collaborative data from community members. This approach allows for a more 

holistic approach for gathering information specific to each community involved in the 

research study. 
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3.10 Conclusion 

 The methodologies highlighted in this chapter frame the approach employed by the 

researcher. The interpretivist paradigm is complimentary to the researcher’s educational 

background and follows an iterative approach to the collection of data. Mixed 

methodologies were utilised, in the form of qualitative methods, throughout the research 

project. The mixed methods approach allowed the researcher to frame the study among 

philosophical and theoretical positions.  

The inductive research approach followed throughout this project is consistent with the 

design process. This process focuses on user experiences and user-centred design, ensuing a 

‘bottom-up’ approach to the study. Steps associated with the ‘bottom-up’ approach include; 

Observation of the user/s associated with the specified issue, identification of emerging 

patterns between thematic areas, generation of a tentative hypothesis and development of 

a theory based on these findings. This chapter highlights the role of the design process 

within academia and the benefits of utilising a design led approach when conducting 

research.  

Findings generated from both primary and secondary research phases resulted in the 

development of an infographic (See Figure 10) that highlights the key outcomes from the 

Literature review (Figure 8), Field Research (Figure 11) and the Internship (Figure 12). 
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3.11 Field Research 

3.11.1 Interviews 

 The initial phase of field research conducted comprised of interviews. Conducting 

interviews aims to achieve a greater understanding of the research area from the opinions 

and perspectives of its stakeholders. “At the root of in-depth interviewing is an interest in 

understanding the lived experience of other people and the meaning they make of that 

experience.” (Seidman, 2006) Findings generated from initial interviews were compared 

with secondary research findings to identify contrasting and complimentary themes. 

Transcripts and shorthand notes on each interview carried out can be found in Appendix B. 

Initial interviews were conducted involving members from Government Bodies and 

Organisations including; 

 Carlow County Council 

 Carlow Fire Department 

 Carlow Weather 

 Waterford Civil Defence 

 Centre for Marine and Research Energy (MaREI) 

 Skibbereen County Council  

 Office of Public Works (OPW) 

 United Nations Framework Convention on Climate Change (UNFCCC) 

Adaptation 

Introductory interviews aimed to contribute to the researcher’s knowledge on the area from 

a Government Representative and Emergency Services point of view. Interviews involving 

Carlow County Council, Carlow Fire Department and Waterford Civil Defence offered insight 

into the emergency support offered, at county level, to community members affected by 

flooding. This approach also assisted the researcher in opening up various channels of 

communication with community members.  
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Participant interviews were conducted involving community members from areas including; 

 Skibbereen, Co. Cork 

 Thomastown, Co. Kilkenny 

 Inistioge, Co. Kilkenny 

 Graiguenamanagh, Co. Kilkenny 

Participant interviews aimed to provide the researcher with valuable insights into flood 

events experienced by affected community members. Interviews in Skibbereen, Co. Cork 

were conducted with active community members who assist the Skibbereen community 

during flood events. Thomastown, Inistioge and Graiguenamanagh interviews involving 

affected community members provided the research with information related to their 

personal experiences associated with flooding. This approach facilitated an inductive 

approach toward the development of an effective solution for enhancing community 

empowerment.   

 

3.11.2 Approach and Method 

 Interviews with Government Bodies and affected community members were 

generally one-on-one followed a semi-structured approach. Semi-structured interviews 

allowed the researcher to extract information that they felt to be relevant based on 

knowledge achieved through secondary research. Open-ended interviews with community 

members allowed the participants to speak freely based on their own perspectives and 

opinions and raise issues that they felt to be important. “Researchers encourage 

participants to talk about issues pertinent to the research question by asking open-ended 

questions, usually in one-to-one interviews.” (Tong, Sainsbury, & Craig, 2007) Data gathered 

from the literature review guided the selection of appropriate methods for conducting field 

research.  

Voice recorded interviews were transcribed and interviews documented through shorthand 

note taking were recorded and stored accordingly. Key findings related to the research 

project was extracted from these interviews and used to inform the next stage of research. 

Transcripts of these interviews can be found in Appendix B. 
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3.11.3 Carlow County Council 

 Interview one involved a representative from the Local Civil Defence. Several 

interviews with this participant were held in the County Buildings, Athy Road, Carlow. The 

Civil Defence is a voluntary organisation that offers support to front line emergency services 

and assists communities in dealing with events such as extreme weather, flooding, accidents 

and searching for missing people. There are currently 4,500 volunteers nationally within the 

Civil Defence. The aim of this interview was to gain insight into the role of the Civil Defence 

during flood related incidents at local level. It provided the researcher with insight into how 

floods are dealt with at local level and how emergency services respond to extreme weather 

events. The participant expressed extensive knowledge on flood events in Carlow and 

provided info on what has been done to mitigate local flooding. The interviews were 

recorded through shorthand note taking.  

Key findings from these interviews include; 

 There are “little community based activities” in Carlow in relation to 

flooding. 

 Waterways Ireland monitor water levels and alert Carlow 24 hours 

before a flood is expected to hit. 

 Community members are notified of flooding through the media e.g. 

KCLR – fastest method for distributing information. 

 The civil defence do not have a general protocol for flooding – they 

just “react to the situation at hand”. 

 

3.11.4 Carlow Fire Department 

 Interview two involved a member of Carlow’s fire department. The participant had 

previously spent eight years working with the Civil Defence. Carlow Fire and Rescue Service 

is set up to respond rapidly and efficiently to fires and other emergencies throughout the 

county. Fire Services in Ireland are funded by the Government, annual rates collected from 

commercial premises, charges for attending fire related incidents and fire service 

inspections. Full-time professional fire fighters occupy cities and large urban areas while 
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retained part-time staff service rural areas and are available for emergencies at all times. All 

fire stations provide a 24-hour on call service. 

This interview aimed to provide an outline of the work carried out by Carlow Fire 

Department during flood related events.  

The Interview was recorded using short hand notes. Key findings from this interview 

conclude that Carlow Fire Services; 

 Provide initial emergency response. 

 Are responsible for providing assistance for rescuing people, 

deploying sandbags, directing staff, closing roads, diverting people, 

deploying road signs etc. 

 Provide assistance in the ‘clean-up’ period. 

 

3.11.5 Centre for Marine and Renewable Energy (MaREI) 

The MaREI is the marine and renewable energy research, development and 

innovation centre. It incorporates the expertise of various research groups and industry 

partners aiming to solve challenges related to marine and renewable energy sectors. This 

interview aimed to achieve a greater understanding of the work that MaREI do and explore 

the possibility of a collaboration between MaREI and this research project. The participant 

provided a brief outline of what they do including working with local authorities, hosting 

workshops, analysis of past flooding events, mapping out areas affected and assessment of 

impacts on social and economic levels. This brief interview was conducted via telephone and 

recorded using shorthand notes.  

Some key points extracted from this interview include; 

 Working with the community – community members possess the best 

knowledge about their own areas. 

 Assisting in guiding members of the public toward the information 

that they need. 

 Working with active community groups. 
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3.11.6 Office of Public Works (OPW) 

 The Office of Public Works is a client focused service organisation aimed at ensuring 

a prompt delivery of services and value for money. Their two main areas of responsibility 

include Estate Portfolio Management - Heritage Services and Flood Risk Management. The 

OPW aims to minimise the impacts of flooding through sustainable planning. The objective 

of the interview was to achieve a broader understanding of the levels of engagement 

between the OPW and affected communities, what areas do the OPW focus their works on 

and whether flood defences being proposed and implemented are capable of withstanding 

accelerated climate change/flooding. Communication with the participant via email 

determined the method utilised for collecting data. A short questionnaire was provided to 

the participant.  

Key points extracted from this questionnaire include; 

 “We engage heavily with the public and stakeholders in 

communities…” 

 “….we have held nearly 400 Public Consultation Days (PCDs) to consult 

on the flood maps and the options for resolving the flood problems for 

that community.” 

 “…we give members of the community the opportunity to come in to 

see the maps or options, and have face-to-face discussions with the 

team…” 

 “…structural flood protection works remain and will remain one of the 

corner-stones of our work.” 

 “…we have assessed and mapped the flood risk for two future 

scenarios that take into account the potential impacts of climate 

change.” 

A complete version of the questionnaire can be found in Appendix B. 
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3.12 Interviews with Community Members 

3.12.1 Skibbereen, Co. Cork 

Interviews with community members in Skibbereen were conducted as part of a case 

study. Participants included members of the Civil Defence, Cork County Council and 

Skibbereen Fire Department. The purpose was to gain a deeper understanding of the key 

elements that have been successful for increasing their capacity for minimising the effects 

of flooding.  

Responding Professional; “When a flood event is predicted, we hold a meeting in the 

Civil Defence Headquarters between members of the Fire Department, Gardaí, Civil 

Defence, Local Authorities and members of the local flood committee” 

 

3.12.2 Thomastown, Co. Kilkenny 

 Initial interviews in Thomastown involved active community members. Interviews 

involved residents of the Thomastown community. The interviews provided insight on 

Thomastown’s fight toward mitigating flooding and their intentions for future adaptation. 

These meetings highlighted the level of community engagement in Thomastown and their 

willingness to generate a higher level of community vigilance within the town.  

Responding Community Member; So the idea is, attenuation, slowing up, taking the 

energy out of the water, leaky dams, slowing it down, next stage, next stage, so the 

slow release and that has to be, that could account for, you know, a huge amount of, 

if we got that into our, how would you say, Modus Operandi” 

  

3.12.3 Inistioge, Co. Kilkenny 

 Interviews in Inistioge involved members of the community who experienced 

flooding. Majority of interviewees were of an older demographic and are long term 

residents in the town. Some of these participants had been affected by flooding on more 

than one occasion. Interviews were conducted alongside Councillor Michael Doyle who is 

heavily involved in the community. The purpose of conducting these interviews was to gain 

knowledge on the flood status of Inistioge, to obtain insights into the existing level of 
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community engagement and to establish how future engagement might be improved. Each 

participant provided the researcher with information on their own personal flood 

experiences and voiced their opinions on how the problem may be alleviated. 

Affected Community Member; “In 2016 my home flooded. It was a combination of 

the rain, non-dredged river and change of winds.” 

“I looked out on the Friday evening and the water was being swept by the winds. I 

said to myself, oh God, I’m definitely going to get it now” 

“Coming down the stairs was the most frightening thing.” 

 

 

3.12.4 Graiguenamanagh, Co. Kilkenny 

 A single interview was conducted in Graiguenamanagh involving one participant. 

This interview provided insight on the current flood status in Graiguenamanagh, highlighting 

the participants experience with flooding, methods for protection currently in place and 

their plan for the future.  

 Affected Community member; “In 2016, the water, in the middle of the night, about 

three in the morning, got over the flood doors. We thought it would stop, obviously, before it 

got to that height. It got over my flood doors and that hit the electricity then, so my pumps 

cut out etc. So the whole place filled up and we had quite a lot of damage in 2016.” 

Full descriptions of these case studies can be found in Chapter 4 – Narratives. 

 

3.13 Ethical Considerations 

As mentioned in Chapter 3 - Methodology, Ethical Considerations, affected community 

members were selected by a gatekeeper who opened up channels of communication 

between the researcher and the participant. Interviews were conducted in public settings 

and followed an open-ended approach. 
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3.14 Outcome / Findings 

 Findings from initial interviews highlighted that the majority of communities are 

poorly prepared for dealing with flood events. Communities have a high level of 

dependency on local authorities and government bodies to provide assistance on preparing 

for extreme weather conditions. The majority of communities are unaware of how to 

implement measures for preparing, coping, resisting and recovering from extreme weather 

events.  

Communities like Skibbereen in County Cork have a high capacity for dealing with flooding 

and over the years have implemented measures for mitigating flood events. These 

measures have proved extremely beneficial for the Skibbereen community. It was evident 

that the knowledge, skills and technology witnessed within the Skibbereen community 

could be beneficial to and be transferred to other less prepared communities. 

 

 

3.15 Narratives  

3.15.1 Approach and Method 

Narratives provide an in-depth and holistic investigation into areas that experience 

flooding. This method was selected in order to thoroughly explore community based issues. 

The narratives generated for this project aimed to map out the key activities that occur 

within specific communities before, during and after a flood event. This process also 

facilitated the mapping of key community engagement points within each area to assess 

levels of community engagement. Detailed descriptions of the research carried out in these 

specific areas affected by flooding can be found in chapter 4.  

3.15.2 Skibbereen, Co. Cork 

 Research carried out in Skibbereen, Co. Cork aimed to highlight how they have 

generated a high level of self-empowerment. This area was used as a benchmark for 

generating a flood resilience model aimed at creating awareness for other communities to 

reduce the effects of flood related events. Information gathered on Skibbereen’s flood 

resilience status was achieved through interviews with community members and local 
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authorities. The researcher carried out a field study alongside a member of the local Civil 

Defence. Here, the researcher was taken through each step carried out by both community 

members and local authorities before, during and after a flood event. This information was 

then synthesized and from this an infographic was developed to communicate findings.  

 

3.15.3 Thomastown, Co. Kilkenny 

 A similar process was carried out in Thomastown alongside a member of the 

community. The researcher was provided with in-depth knowledge on the processes carried 

out by the community during a flood. The Thomastown narrative was used an example of a 

less resilient community in Ireland. An infographic was generated displaying Thomastown’s 

flood resilience level.  

 

3.15.4 Inistioge, Co. Kilkenny 

 Similar to Thomastown, field research was conducted to generate a clear 

understanding of the flood awareness levels in Inistioge. Interviews involved a member or 

the Tidy towns and the local Councillor who supervised interviews with affected community 

members.  

 

3.15.5 Outcome / Findings 

 Findings generated from conducting research in these locations showed that there is 

a need for increased knowledge, skill and technology transfer between communities. (See 

Figure 11) Through investigation into published documents on Ireland’s current position on 

flooding combined with these narratives showed that the majority of communities lack 

preparedness. Fostering the transfer of local knowledge, skills and technology between 

affected communities was identified as a key building block to promote and enhance links 

between members, responding community and responding professionals in these 

communities.  
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Figure 11 Field Research Key Outcomes – Source: (Self-generated) 
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3.16 Internship 

 The researcher completed an internship with the United Nations Framework 

Convention on Climate Change from late August to early November 2016. The principle task 

was to collaborate with the technology team to ensure the delivery of the redesigned TT: 

CLEAR website in time for the Conference of the Parties (COP 22) in Marrakesh, Morocco. 

Other activities of this internship position included; 

 Support in Developing Publications 

 Implement Social Media Campaign for TEC 13 

 Reading 

 Updating Technology Portal 

 Undertake Maintenance to TT:CLEAR to ensure that it remains up-to-

date and error free 

 

3.16.1 Outcome / Findings 

 The internship position highlighted the importance of technology for the transfer of 

information within and between countries. (See Figure 12) Information on successful 

Mitigation and Adaptation strategies currently in place, can be sourced through the TT: 

CLEAR website, allowing countries to adopt appropriate strategies. These success stories are 

also used as a benefit statement to entice countries to invest in climate technologies. 

Climate technologies help reduce Green House Gas (GHG) emissions. Knowledge, skill and 

technology transfer through an online portal could lead to the distribution of important 

information on minimising the effects of flooding at national level.  
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Figure 12 Internship Key Outcomes - Source (Self-generated) 
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4.0 Narratives 

Preliminary investigation of the research area highlighted that a small number of 

communities across Ireland are more advanced in preparing, coping, resisting and 

recovering from flood events. This chapter outlines the investigation into three separate 

communities in Ireland, Skibbereen in County Cork, Thomastown and Inistioge in County 

Kilkenny. As previously mentioned in the literature review, the research aimed to facilitate a 

community-based, open-source, user centred design initiative against severe weather 

conditions in waterside communities. Each investigation was conducted through liaison with 

responding professionals, responding community members and affected community 

members. This aimed to discover, record and analyse existing knowledge banks within 

community structures, ascertain their strengths and weaknesses, understand how flooding 

impacts these vulnerable communities and to identify existing and possible methods for 

decreasing vulnerability.  

 

4.1 Approach and Method 

Data was collected through information search, field research and participant 

interviews. As outlined in the methodology chapter, each participant was approached and 

selected by a gatekeeper. The gatekeeper was the researcher’s first point of contact and 

provided an initial overview of the flooding experienced by their community. Field research 

was carried out with a gatekeeper related to the area being investigated. The gatekeeper 

took the researcher through each stage of a flood event, highlighting activities undertaken 

before, during and after a flood occurs. The researcher was shown where flood water 

breaches the community, the type/s of floods that occur in these areas and how flooding 

has accelerated over the years. This comparative study aimed to develop an understanding 

of key components and key players within the Skibbereen community that have led to a 

greater level of vigilance and how these key factors could be adopted by Thomastown, 

Inistioge and other less organised communities. Data collection methods included 

shorthand note taking, photographs and voice recorded interviews. These three methods of 

data collection were combined to develop a narrative for each community. The information 
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gathered allowed the researcher to analyse and measure each area based on stakeholder 

knowledge and experiences.  

 

4.1.1 Un-Weighted Data Analysis – Percentage Analysis Chart 

 Data extracted from the three areas examined in this chapter was synthesised using 

a percentage analysis chart. This chart was separated into three stages (before, during and 

after) and within each stage, key activities necessary for dealing with flood related issues 

were identified. These charts were developed early in the interview stage and revised 

throughout the study to ensure findings were as accurate as possible. Each area was 

evaluated and simplified to generate pie charts displaying their levels of both preparedness 

and unpreparedness. A full version of the percentage analysis charts can be found in 

Appendix B. 

 

4.2 Narrative One – Skibbereen Co. Cork 

 Skibbereen is a small town in County Cork, and home to more than 2,500 people 

(according to the 2011 census). The River Ilen that runs through the town is tidal and meets 

the sea roughly 12 kilometres away at Baltimore. Skibbereen has experienced 

approximately 22 significant floods between the years 1943 and 2016. The most recent 

floods occurred during the end of 2015 and early 2016.  

After Initial enquiry into flooding in Skibbereen, the researcher visited the town to see first-

hand how they deal with flood events. The researcher was assisted by a paramedic who is 

heavily involved in flood relief work around the town. 

Over the years, Skibbereen have developed methods for dealing with floods. This was 

achieved through the collaboration between affected community members, the responding 

community and responding professionals. The majority of work is carried out by the 

responding community and responding professionals and supported by affected community 

members. This can be seen in Figure 13. 

 



61 
 

 

 

 

 

Fi
g

u
re

 1
3

 S
ki

b
b

er
ee

n
 E

n
g

a
g

em
en

t 
St

ru
ct

u
re

 (
Se

lf
-g

en
er

a
te

d
) 



62 
 

Standard procedure for dealing with a major flood event in Skibbereen is as follows; 

1. Early warning system – an infrared gauge 5 kilometres up stream takes readings of 

the river levels, allowing the community to determine the possibility of a flood 

occurring. 

2. A meeting is called between the Fire Department, Gardaí, Civil Defence and the Local 

Flood Committee in the Civil Defence Head Quarters. 

3. The Civil Defence HQ set up boards for recording information on their: 

- Recognised current situation 

- Key issues 

- Strategic aims and priorities 

- Actions 

4. Prior to any flood event, containers are placed strategically around the town holding 

signs, barriers, sandbags, tools and wires for opening storm drains. 

5. Flood defence measures are put in place, sandbags, road signs etc.  

6. A text alert system is activated, notifying community members. 

7. These community members inform the rest of the community increasing awareness. 

8. Depending on the severity the flood, meetings are held regularly to plan and react 

accordingly to a flood event. 

9. Flood sensors are situated along the river at critical locations. The sensors collect 

data on river levels. This data can be retrieved by SMS.  

10. Residents are assisted by responding professionals (distribution of sandbags, 

evacuation etc.)  

11. Hotels provide emergency accommodation, food, water, clothing etc. 

12. After the flood subsides community members and responding professionals assist in 

the clean-up and removal of damaged property. 
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These methods for dealing with flood events have been developed in response to 

the frequent flooding experienced by the Skibbereen community. This iterative process has 

led to effective strategic planning, enhanced community engagement and increased 

preparation for flood events. The information gathered was synthesised and an infographic 

was generated displaying the key activities carried out by responding professionals and 

responding community members. This can be seen in Figure 14.  

 

 

 

 

 

 

 

 

Figure 14 Skibbereen Flood Response (Self-Generated) 
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A second infographic was generated (See Figure 15) mapping out key community 

engagement points. This displays the interaction of responding professionals with the 

affected community. The Majority of these interactions involve providing information and 

assistance to community members. These engagement points represent knowledge transfer 

and assistance support provided by responding professionals to community members.   

 

 

 

 

 

 

 

Figure 15 – Skibbereen Community Engagement Points (Self-Generated) 
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A percentage analysis chart was developed by the researcher. The data gathered during 

each phase was recorded in this chart and formed a statistical database of knowledge on 

Skibbereen displaying levels of preparedness before, during and after a flood. This chart was 

created after initial engagement with community members and reiterated throughout. A pie 

chart representing this data was developed and can be seen in Figure 16. The original 

percentage analysis chart on Skibbereen can be found in Appendix B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2.1 Outcome/Findings 

 Findings generated from this case study concluded that; 

 Skibbereen have a high level of cooperation between responding 

professionals, responding community and affected community members. 

Figure 15 Pie Chart representing levels of preparedness at each stage of a flood (Self-generated) 
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 Each component of Skibbereen’s community structure is supported by the 

other, enhancing engagement. 

 Enhanced engagement has resulted in increased community resilience. 

 The transfer of knowledge, technology and skills has demonstrated 

fundamental for moderating flood events. 
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4.3 Narrative Two: Thomastown  

Thomastown is a town in County Kilkenny and home to just over 2,250 people 

(according to the 2011 census). The tidal River Nore runs through the town and enters the 

sea at Waterford Harbour. Thomastown does not flood on a regular basis, however, 

flooding is becoming more frequent and intensified. The most recent and severe floods 

occurred in late 2015 through to early 2016.  

 After initial enquiry into the area the researcher visited Thomastown to examine their 

protocol related to flooding. The researcher was assisted by a local artist who is heavily 

involved in the community. The participants house is always first and sometimes the only 

home to be impacted by a flood.  

As a result of the town not experiencing severe flooding since 1947 until 2009 and 2015/16, 

little preparation for a flood related event had been accomplished. This case study aimed to 

gain a greater understanding of the current level of preparedness in Thomastown and how 

it could be enhanced. Based on the last flood experienced by Thomastown, the following 

infographic (Figure 17) was generated to communicate how they are assisted during a flood.  
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Standard procedure related to the last flood in Thomastown was as follows; 

1. The Civil Defence and Local Engineer were the first to gain knowledge on a 

possible flood event. 

2. The Engineer informed the community of weather predictions and the possibility 

of a flood event occurring. 

3. Army and County Council assisted with supplying sandbags, signs and road 

barriers to areas needed. 

4. Assistance was provided by the Civil Defence, Army and County Council for 

emergency response and recovery. 

 

This response to flooding is a result of the new intensified flood pattern as opposed 

to the old attenuated flood. This data reveals that the Thomastown community is less 

prepared for a flood event. Knowledge derived from these findings was synthesised to form 

an infographic that can be seen in Figure 18.  

 Figure 17 Thomastown Flood Response (Self-generated) 



70 
 

From the infographic displaying the key activities carried out by responding professionals 

and community members, a second infographic (See Figure 19) was generated mapping key 

community engagement points. These engagement points represent knowledge transfer 

and assistance provided by responding professionals to community members. 

 

 

 

 

 

 

Figure 18 Thomastown Community Engagement Points (Self-generated) 
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A percentage analysis chart generated by the researcher based on data gathered formed a 

statistical database of knowledge on Thomastown showing levels of preparedness before, 

during and after a flood. This chart was iterated throughout the research project based on 

findings. A pie chart representing this data was generated and can be seen in Figure 20. The 

original percentage analysis chart can be found in Appendix B. 

 

4.3.1 Outcomes/ Findings 

 Findings generated form this study concluded that; 

 Thomastown has a lower level of cooperation between responding 

professionals, responding community and affected community members. 

 There is a need for enhanced collaboration between responding 

professionals. 

 There is a lack of community engagement during each phase of a flood event. 

 The before, during and after stages of a flood event need to be strengthened. 

 Communication between responding professionals and community members 

needs to be enhanced and continuous. 

Figure 19 Pie Chart representing levels of preparedness at each stage of a flood (Self-generated) 
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4.4 Narrative Three: Inistioge 

Inistioge is a small village in County Kilkenny situated along the River Nore and home 

to approximately 260 people (according to the 2011 census). During the end of 2015 and 

early 2016, Inistioge was hit with the worst flood in approximately 50 years. Roughly 20 

homes were inundated by floodwater causing severe damage. Flooding occurred due to a 

combination of prolonged, heavy rainfall and a high tide. Much like Thomastown, Inistioge 

would not flood regularly, leaving them poorly prepared for a serious flood event. However, 

during the last flood, they showed a high level of community resilience. The majority of 

work carried out during this flood was achieved by responding professionals and responding 

community members. After initial enquiry on the last flood affecting the Inistioge 

community, the following infographic (Figure 21) was developed.   

 

Figure 20 Inistioge Community Engagement Structure (Self-generated) 
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Standard procedure as of the last flood in Inistioge was as follows; 

1. Based on local knowledge and weather predictions, responding professionals 

notify the community of the possibility of a flood.  

2. Community deploy flood defence mechanisms e.g. door barriers, road signs etc. 

3. LA’s assist the distribution of sandbags. 

4. Civil defence assist the evacuation of affected community members. 

5. The community joined together to assist and speed up the recovery process. 

 

The following infographic (Figure 22) was generated highlighting the activities carried out in 

response to the most recent flood event in Inistioge.  

 

 

 

 

 

 

Figure 21 Inistioge Flood Response (Self-Generated) 



74 
 

From the infographic displaying activities carried out by responding professionals and 

community members, a second infographic (Figure 23) was generated mapping key 

community engagement points. These engagement points represent knowledge transfer 

and assistance provided by responding professionals to affected community members. 

 

 

 

 

 

 

Figure 22 Inistioge Community Engagement Points (Self-generated) 
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A percentage analysis chart generated by the researcher based on data gathered during 

each phase and observations formed a statistical dataset for Inistioge exhibiting levels of 

preparedness before, during and after a flood. A pie chart representing this data was 

generated and can be seen in Figure 24. The original percentage analysis chart can be found 

in Appendix B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.4.1 Outcome/Findings 

 Findings derived from this case study concluded that; 

  The response to the last flood event was positive. 

 There was a satisfactory level of engagement between responding professionals, 

active community member and affected community members. 

 There is a need for a more advanced early warning system to allow the community 

to enhance preparation. 

 Improvements need to be made in relation to knowledge transfer and providing 

community members with necessary flood related information. 

Figure 23 Pie Chart representing levels of preparedness at each stage of a flood (Self-generated) 
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4.5 Conclusion 

 Upon completion of these case studies it was recognised that there are areas within 

both communities that need to be enhanced. All communities were analysed and compared 

to assess the areas that need to be strengthened. Skibbereen proved to have a higher level 

of community resilience, however, Thomastown and Inistioge are beginning to make 

advances in the area. A comparative chart (See Figure 25) generated from these findings 

displays the activities that need to be enhanced in preparation for a flood event. 

Fi
g

u
re

 2
4

 C
o

m
p

a
ra

ti
ve

 C
h

a
rt

 (
Se

lf
-g

en
er

a
te

d
) 



77 
 

Key findings concluded that communities are complex structures. Through the initial 

research phase and participant interviews it was highlighted that there is a strong 

dependency in government bodies to provide assistance to communities that suffer from 

flood events, resulting in weakened links between key players. In order to strengthen 

communities, social resilience must be increased. Social resilience represents the ability of 

communities to prepare, cope, resist, recover and adjust to threats. From this, a model 

(Figure 26) was created to assist communities in increasing Social Resilience and creating 

community empowerment. 
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4.6 Social Resilience Model 

 

 

The model focuses on 6 steps that aim to enhance Social Resilience. 

Step 1 – Awareness 

To develop and raise awareness on current flood solutions and information sources to allow 

communities to explore options for abating or moderating flooding. 

Step 2 – Understanding 

To develop a widespread understanding on flood risks. 

Step 3 – Information 

Provide communities with information on different methods for dealing with flood events. 

Figure 25 Social Resilience Model (Self-generated) 
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Step 4 – Education 

Educate the public on the roles and responsibilities of Local Authorities and responding 

professionals. 

Step 5 – Communication 

Use multiple channels of communication between communities to facilitate the transfer of 

knowledge on flood events. 

Step 6 – Strength 

Strengthen knowledge transfer by creating lines of communication between responding 

professionals, responding community members and affected community members. 
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To support the Social Resilience Model, a Flood Model (Figure 27) was generated. This flood 

model represents six stages before, during and after a flood, to aid communities affected by 

flood related events. The model was developed using Skibbereen as a benchmark for 

increasing flood vigilance. This Flood model aims to identify arrangements and actions 

crucial for obtaining a consensus within the community against possible natural disasters.  

 

4.7 Flood Model 

  

 

 

Figure 26 Flood Model (Self-generated) 
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The model focuses on six main steps before, during and after phases of a flood.  

 

1. Measure 

Step one focuses on preparation related to predicting the potential of a flood 

occurring, constant monitoring of the situation and evaluation of this data to 

determine how to react.  

2. Prevent 

Step two aims to help prevent damage by better assessment and planning and the 

execution of pre-impact activities.  

 

3. Prepare 

Step three involves alerting community members of important data related to a 

possible flood event and the deployment of flood defences to areas needed.  

 

4. Respond 

Step four outlines support from responding professionals and responding 

community members. 

 

5. Recover 

Step five focuses on the clean-up and disposal of damaged possessions and the 

restoration of infrastructure and services post flood event.   

 

6. Adapt 

Step six highlights the re-evaluation of a community’s level of preparedness based 

on previous floods and mitigation efforts for adapting and increasing resistance.  

  

The provision of both the Social Resilience Model and the Flood Model aims to equip 

community members with the basic tools and knowledge necessary for preparing, coping, 

resisting and recovering from a flood event.  
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5.0 Design Phase 

5.1 Design Hypothesis 

 Ensuing the research phase of this project, the researcher aimed to propose 

appropriate solutions to the issues and opportunities identified. These included; 

 Social Resilience 

 Knowledge, Skill and Technology Transfer 

 Open Source Design 

 

These key findings were combined to generate a hypothesis that helped lead and influence 

the design phase of the project. The Hypothesis provided an explanation for conclusions 

derived from the Literature Review that needed to be validated through the design phase. It 

allowed the researcher to generate solutions while being led by the findings obtained from 

the research stage.  

Hypothesis; 

“It is possible to increase community capacities for mitigating the effects of flooding by 

facilitating the transfer of knowledge, technology and skills through open-source, user-

centred design.” 
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5.2 The Interaction Framework 

 Outcomes and findings generated from field research, Chapter 3, helped inform the 

researcher of the key interaction points between community members and flood prediction. 

The design of the interaction framework was user focused, incorporating design 

demographics to ensure that a range of stakeholders were considered throughout the 

design phase. This resulted in the design of a community–based initiative aimed at a wide 

range of individuals within community groups.  

This approach led to the development of a visual displaying the interactions and activities 

associated with each persona. (See Figure 28) The process captured community interactions 

with current sensor technology, from delivery to installation and monitoring. This visual 

shows current community interaction with sensor driven initiatives and highlights that there 

is little interaction from the affected community. The infographic assisted the researcher 

throughout the design phase to ensure a community led approach for developing concepts. 

The interaction framework facilitated the identification of interactions between three sets 

of demographics within communities and early warning systems. This allowed the 

researcher to create a design led initiative aimed at enhancing engagement between 

community members and early warning systems and to ensure a community led approach 

throughout.  

Outcomes generated from the initial research phase led by the interaction framework, 

resulted in three directions for further exploration. 

- Intervention 1 – Open-source product design – flood sensor 

- Intervention 2 – Social Resilience Model and Flood Model (Chapter 5) 

- Intervention 3 – Online platform – Community Network 
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5.2.1 Intervention One 

The first intervention was formed by combining conclusions derived from the 

Literature Review, Case Studies and the Internship. (See Figure 29)  

This concept focuses on using sensors to predict weather patterns and water levels. The 

results of gathering new data aims to result in a more advanced early warning system for 

predicting flood events.  

It is proposed that communities would be provided with the information necessary for 

developing a system that would be set up and run by community members. The concept 

aims to facilitate the establishment of a database of new knowledge.  

Combined with existing knowledge within communities, this database forms the 

groundwork necessary for enhanced prediction of flood events and increased preparation.  

 

 

 

Figure 28 Open-Source Product Design - Source: (Self-generated) 
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5.2.2 Intervention Two 

The second intervention, the Flood Model, was developed based on findings 

generated from the narratives discussed in chapter 4. (See Figure 30) 

The idea focuses on using successful elements identified within communities with a high 

level of flood resistance and providing this information to vulnerable communities. This aims 

to allow susceptible communities to adopt suitable methods for dealing with flood events 

before, during and after they occur. The Flood Model acts as a universal benchmark for 

displaying successful procedures for enhancing flood resistance that can be tailored to any 

community that experiences flooding. 

A full description of this flood model can be found in Chapter 4.6. 

 

 

 

 

Figure 29 Flood Model - Source: (Self-generated) 
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5.2.3 Intervention Three 

The third intervention was formed as a result of the outcomes generated in the 

Literature Review, Narratives and the Internship. (See Figure 31) 

This idea is aimed at providing a method for transferring new and existing knowledge within 

and between communities. The idea focuses on developing an online network allowing 

communities to upload and retrieve data specific to flood related events.   

The platform acts as a support system for intervention 1 and intervention 2 and facilitates 

the establishment of a community driven network for enabling communities to increase 

flood awareness.  

 

 

 

Figure 30 Online Platform - Source: (Self-generated) 
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5.3 Conclusion 

All three interventions (See Figure 32) were brought forward for further 

development and combined to generate an outcome that facilitates the establishment of an 

open-source community-based initiative against flooding. This aims to facilitate the slow 

integration of knowledge, skills and technology needed for enhancing community 

Awareness.  

A full description of Intervention two can be found in chapter 4 - Narratives. Intervention 

one and three will be described in detail in this chapter.  
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5.4 Design Interventions – Open Source Product Design 

5.4.1 Intervention One 

Approach and Method 

 From the first intervention, three product design concepts were developed based on 

using open-source product design as part of an early warning system. The researcher 

conducted further investigation into the area around early warning systems before entering 

the design phase. This allowed the researcher to build further knowledge in the area and 

assisted in the identification of existing methods that have been both successful and 

unsuccessful. This section provides a description of the three design concepts considered for 

further development. 

Concept One: Probe Sensor 

Concept One focused on using probes for immediate water detection. The concept 

incorporated an Alarm and Bluetooth feature to allow the user to receive alerts when the 

flood sensor is triggered. (See Figure 33) The sensor facilitates the use of one or more 

probes to allow the user to tailor fit the sensor to the area being monitored. The probes are 

attached to the sensor by a wire that can be extended and placed in an area most suited to 

the user’s needs. This concept focuses on the installation of flood sensor near residential 

and commercial properties. 

 

 

 

 

 

 

 

 

Figure 32 Design Concept One Sketching 
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Concept Two: Level Sensor 

Concept Two involved using a level sensor for detecting water and taking 

measurement of the water from the river bed to the water’s surface. (See Figure 34) Like 

the probe sensor, an alarm is triggered when water is detected and a notification is sent out 

to the user. As the water rises the sensor measures the water level and sends updates via 

SMS. The sensor could be mounted on self-made or fixed structures near flood zones to 

facilitate the early prediction of approaching water.  

 

 

 

 

 

 

 

 

Figure 33 Design Concept Two Sketching 
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Concept 3: Ultrasonic Sensor 

Concept 3 incorporated an ultrasonic sensor for measuring the distance from the 

sensor to the water surface. (See Figure 35) The sensor would need to operate constantly 

and incorporate a SMS function allowing the user to send a text to the sensor and retrieve 

data on real time water levels. The sensor included a micro SD card integrated into the 

design that would form a log of the water levels detected. This information could potentially 

be used for predicting future flood events.  

 

 

 

 

 

 

 

 

 

Figure 34 Design Concept Three Sketching 
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5.4.2 Selecting a Concept 

To select a concept for development, a suitability matrix was generated (See Figure 

36) highlighting the elements necessary for identifying the concept most suitable to fulfilling 

the criteria set out in the hypothesis.  

 

Hypothesis – Criteria 

- Open-source product design 

- Enhanced community engagement 

- Knowledge, skill and technology transfer 

 

Suitability Matrix 

The suitability matrix was split into two sections, User/Product and Product. This 

allowed the researcher to compare all three concepts and select one or a combination of 

more than one to achieve the best product outcome.  

From this chart, it was concluded that concept three would be brought forward for further 

exploration and development. As concept three was the most complex, none of the 

elements from concept one or concept two were integrated into its development.   

Figure 35 Suitability Matrix - Source: (Self-generated) 
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5.4.3 Chosen Concept 

Concept Three – Ultrasonic Sensor 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 36 Selected Concept Sketching 
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5.5 Concept Development 

 The concept was mapped out as part of a network using the water sensor to 

facilitate knowledge transfer specific to flood events. The holistic mapping allowed the 

researcher to ensure a community led approach was followed throughout the design phase. 

This map grounded the concept and assisted its development through design, sketch 

modelling and prototyping.  

The Ultrasonic Sensor Concept aims to enhance the transfer of knowledge, skill and 

technology as part of a community-based network. This network proposes to provide a 

platform where information specific to flood related events can be gathered and shared by 

community members to create empowerment and enhance awareness. The concept act as 

a starting point for the integration of a community-based initiative, led by affected and 

responding community members and supported by responding professionals. (See Figure 38 

and Figure 39) 

 

 

 

 

Figure 37 Mapping Holistic Approach for Further Development 
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5.5.1 Current Engagement with Water Sensor Technology 

Initial research highlighted community engagement points with current flood sensor 

networks in Ireland. The research emphasised that there is a relatively low number of 

communities utilising water sensor technology. The areas that use water sensors for flood 

predication are predominantly run by responding community members and responding 

professionals, leaving affected community members disconnected from early warning 

systems. The researcher mapped out the main interaction points (See Figure 28, Page 84), to 

identify areas that could be strengthened by initiating a community based flood network 

engaging affected community members.  

 

This visual allowed the researcher to ensure that the outcome of a new community based 

initiative using water sensor technology would further engage affected community 

members and result in enhanced levels of community vigilance.  
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5.5.2 Concept Development 

 Prior to any design work being carried out, further research was conducted to 

enhance the researcher’s knowledge on sensor technology. This phase allowed the 

researcher to gain an insight into existing technologies and how they are currently being 

used to deliver early flood warning systems. The research displayed huge advancements in 

technology and highlighted areas across the globe using flood sensors for predicting natural 

disasters. This investigation grounded the concept further and allowed for a more informed 

and educated approach toward the design phase of the project. 

 

5.5.3 Outcomes/Findings 

Findings from this research phase included; 

- Rapid advancements in technology is resulting in a more technology driven society 

i.e.; smart cities integrating information and communication technologies for 

education and development. 

- Technology driven community-based initiatives are being developed across the globe 

highlighting a newly identified passion for community engagement. 

As mentioned previously in the literature review, knowledge transfer is a key element for 

ensuring that communities are more vigilant toward flooding. Further research showed that 

existing initiatives using sensor technology proved positive for enhancing knowledge 

transfer. 
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5.6 Sketch Modelling 

 Before the researcher began prototyping, three sketch models were developed as 

physical representations of both the concept and the system supported by the concept. The 

sketch models allowed the researcher to clearly communicate the concept using 3D versions 

of previously generated visuals and sketches. 

 

5.6.1 Reverse Engineering 

 The researcher undertook a preliminary reverse engineering phase prior to engaging 

in the construction of the ultrasonic sensor. The aim of this phase was to allow the 

researcher to deconstruct a simple contact sensor to understand its components and how it 

works. The process involved dismantling the contact sensor and reworking its internal 

components to form a water sensor.  

 

 

 

 

 

 

 

 

 

This process resulted in a prototype that detected water using two exposed wires that 

formed a connection when placed in a body of liquid. As water is a conductor it joined the 

circuit between the two exposed wires to trigger an alarm.  

Figure 39 Reverse Engineering 
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This prototype acted as a good starting point for the researcher to explore electronic 

engineering and develop knowledge and skills necessary for further development of the 

concept 

Ensuing the reverse engineering phase, the researcher explored different methods of 

connecting wires to form a circuit without using the soldering iron. (See Figure 41) This 

aimed to facilitate use by communities that may not have access to soldering equipment 

and required an alternative solution.  

 

 

 

 

 

Figure 40 Exploring Methods for Connecting Components 
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5.6.2 Outcomes/Findings 

 Finding generated from the reverse engineering phase concluded that it is relatively 

easy to manufacture a low-cost flood sensor. All materials used in this phase were open-

source and tutorials on how to make your own water sensor could be found online.  

In order to fulfil the criteria, set out in the hypothesis, this concept needed to be developed 

further but still remain open-source and relatively low in cost. 

5.7 Arduino 

The researcher began building a sensor using an Arduino starter kit. Arduino is an 

open-source electronics platform that is aimed at users with little knowledge on electronics 

or programming. This open-source technology is aimed at encouraging users to adapt and 

tailor these microcontrollers to their specific wants and needs. Arduino was selected as the 

most appropriate method for building a sensor as it is; 

- Cost effective 

- Compatible with Windows, Macintosh OSX, and Linux operating systems 

- Simple, clear and flexible – Arduino can be used by both beginners and advanced 

users 

- Open-source 

 

Arduino is aimed at a worldwide community and facilitates fast learning and prototyping. 

This microcontroller uses C/C++ programming language which is efficient, portable and 

available on all platforms. The Arduino software can be sourced online through the Arduino 

website and provides code samples for use by the public domain. 

In order to build a sensor that corresponded with the criteria set out in the brief, the 

researcher had to source extra components online. These components included; 

- An ultrasonic sensor 

- A piezo buzzer 
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Once all the components necessary for building a sensor to detect water levels were 

sourced, the researcher began the prototyping phase of the project. Initial prototyping 

involved the testing of different methods for detecting water.  

5.7.1 Prototype 1 

The first prototype was developed using a contact sensor. Contact sensors are usually 

installed or doors and windows in residential or commercial properties. An alarm is 

triggered when a window or door is opened and the current is disturbed.  

The prototype was built using a low-cost contact senor attached to a small bottle using a 

straw. (See Figure 42) The bottle acted as a float that rose with the water level, separating 

the sensor and triggering an alarm. This concept was validated through testing, however, 

this type of sensor proved unsuitable for rapid and fast-moving water associated with 

flooding. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 41 Prototype One - Testing 
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5.7.2 Prototype 2  

The second prototype was created using LED’s as a method for communicating water levels. 

This was created using; 

- A 9V Battery and 9V battery connector 

- Three wires measured at three different distances 

- Three LED’s – different colours 

- One wire for creating a current to activate the LED’s 

- A length of 2”x1” pine 

 

 

The prototype was developed and tested to explore the use of LED’s for detecting water 

levels. This concept was validated through testing but proved too simple for providing a 

satisfactory method for predicting flood events.  

 

 

Figure 42 Prototype Two - Testing 
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5.7.3 Prototype 3 

The third prototype incorporated Arduino Uno. Research previously conducted in this area 

highlighted the capabilities of Arduino and how it can be used to measure water levels. This 

concept was further developed through prototyping, allowing the researcher to generate a 

high-quality working model to validate research findings.  

 

 

 

Figure 43 Prototype Three - Testing 
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The researcher built an ultrasonic sensor using components included in the Arduino Uno 

starter kit and extra components sourced online. These items necessary for building this 

sensor included; 

- 1 x Ultrasonic Sensor 

- 1 x LCD Screen 

- 1 x 830-point breadboard 

- 22 x M/M Jumper Wires 

- 1 x Piezo Buzzer 

- 1 x Arduino Uno 

- 1 x 100-ohm resistor 

The Arduino was constructed in 5 stages. At each stage, the researcher added an extra 

component to the board and tested it to ensure that all elements were working properly. 

This process facilitated the development of an accurate, low-cost working prototype for 

reading water levels.  
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5.8 Coding 

 Throughout the development stages that Arduino was coded in order for it to 

complete a specific set of functions. The Arduino needed to; 

- Measure the distance from the sensor to the water level to assist the user in 

identifying real time water levels.  

- Display distances in ‘cm’ on the LCD screen. 

- Display “WATER HIGH”, “WATER NORMAL” and “WATER LOW” for variables set by 

the researcher.  

- Trigger a buzzer when the sensor detects high water levels. 

- Be battery powered. 

Code specific to ensuring that the sensor performed the tasks set out by the researcher was 

sourced online through the Arduino website and online tutorials. The researcher was 

assisted by an electronic engineer who helped tailor the code to the researcher’s 

requirements and ensure the prototype was of a high standard. A copy of this code can be 

found in Appendix C. 

 

 

 

 

 

 

 

 

 

 

 
Figure 44 Coding Arduino (Example) - Source: (Online) 
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5.9 Housing 

 After the sensor was refined the researcher began designing the housing for the 

water sensor. During the research stage the researcher identified skills and expertise within 

participating communities. This was carried out for the development of housing solutions 

for different communities with different skills and expertise.  

5.9.1 Kappa Board Model 

The housing designed by the researcher needed to be simple allowing community members 

to be able to manufacture the housing easily themselves. The design also needed to be 

durable and waterproof. A low fidelity sketch model (See Figure 46) assisted the researcher 

with further development and ideation. The sketch model allowed for quick and easy 

manipulation of the concept and facilitated a more informed approach toward the next 

stage of model making.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 45 Kappa Board Model 
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5.9.2 Acrylic Model 

A second model was developed using acrylic. (See Figure 47) This enclosure was 

created for testing purposes to ensure that the Arduino and all its components were 

protected from liquids. Files for this model were generated using Adobe Illustrator which 

were then converted to EPS (Encapsulated PostScript) files compatible with the laser cutter.  

The design incorporated etchings that illustrated where each component would be 

positioned. Sections cut out in the model allowed for the ultrasonic sensor to extend past 

the surface of the model to ensure that the sound waves were not interfered with. 

 

 

The Arduino was then placed inside the model and secured with double sided sticky tape to 

ensure that no component fell out of the housing during testing.  

 

 

 

 

 

Figure 46 Acrylic Model 

Figure 47 Acrylic Model with Arduino 
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5.10 Testing 

The working prototype was then tested for accuracy to ensure that the acrylic housing 

caused no interference with the sensor. The Arduino was tested using three sets of 

variables; 

1. 100 – 150 centimetres: WATER HIGH 

2. 150 – 200 centimetres: WATER NORMAL 

3. 200 + centimetres: WATER LOW 

These variables were tested against a flat surface i.e. walls, floors etc. Once it was verified 

that the sensor was functioning correctly, the researcher pursued to the next stage of 

testing the sensor for measuring the distance from the sensor to the water’s surface.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 48 Working Model - Testing Variables 
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This phase of testing was carried out to ensure that the sensor was capable of detecting 

liquid surfaces. Initial research carried out showed that ultrasonic sensors have been 

previously used for this purpose, however, it was important for the researcher to carry out 

further testing to validate these research findings.  

For this phase, the variables within the code were changed slightly due to the space 

envelope of the testing area. The variables set for testing were as follows; 

1. 10 – 20 centimetres: WATER HIGH 

2. 20 – 30 centimetres: WATER NORMAL 

3. 30 + centimetres: WATER LOW 

 

5.10.1 Findings/Outcomes 

The testing phase concluded that; 

- The Arduino Ultrasonic Sensor detects water levels 

- The Sensor provided accurate readings of the distance from the sensor to the water 

surface 

- The LCD screen displayed the correct variables set by the researcher  

 

Once it was verified that the sensor detected water and measured that distance from the 

sensor itself and the water surface, the initial housing was reiterated to increase water 

resistance. Two circular sections were removed from the acrylic to allow the sensor to 

project through the surface allowing for minimal exposure. O-rings were placed on the 

sensor, both inside and outside the model, to further reduce the possibility of water ingress 

and damaging electronic components.  
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5.10.2 Conclusion 

 In conclusion, the working prototype proved to be fundamental in validating the 

concept outlined at the beginning of this chapter. The construction of this model also 

justified the capabilities of Arduino and acted as a starting point for communities to develop 

their own flood sensors, with the possibility of redesigning and constructing more advanced 

flood sensors further down the line.   

 

 

 

Figure 49 Final Working Prototype 
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5.11 The Internet of Things (IoT) – Theoretical Concept Three 

 To facilitate the effective transfer of data collected through this community based 

initiative, it is proposed that the Internet of Things (IoT) be used to facilitate the collection 

and exchange of data. 

The IoT is “the concept of basically connecting any device with an on and off switch to the 

Internet (and/or to each other)” (Morgan, 2014) These physical devices, also known as 

connected devices or smart devices, are defined as being anything comprised of the 

following; 

- electronic components  

- sensors  

- software  

- network connectivity 

- actuators 

IoT allows information technology (IT) administrators to use this system for anything related 

to their physical environment, if they require information about it.  

“In one case, IoT is being used to stymie deforestation in the Amazon rainforest. A 

Brazilian location-services company called Cargo Tracck places M2M sensors from 

security company Gemalto in trees in protected areas. When a tree is cut or moved, 

law enforcement receives a message with its GPS location, allowing authorities to 

track down the illegally removed tree.” (Botelho, 2013) 

The researcher concluded that IoT can assist communities throughout Ireland to increase 

the transfer of data for increasing preparation toward flood events. 

5.11.1 The Things Network 

The Things Network is a global community comprised of over 20,000 people in just 

under 90 countries. This network uses a long range and low power radio frequency called 

LoRaWAN which facilitates the connectivity of devices to the internet without using 3G or 

WIFI.  

 



113 
 

The benefits of using this network include; 

- Is it open-source, which is consistent with guidelines set out in the hypothesis 

- It is low cost 

- Is does not require 3G or WIFI for connecting devices to the internet 

It is proposed that the community based initiative outlined in this chapter would be linked 

to this network, facilitating the creation of a larger community database both nationally and 

internationally.   
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5.12 Concept Definition 

 To fully define the design hypothesis, the concept of a community-based initiative 

was further developed. Sketches and visuals aimed to help communicate the links between 

sensor technology, the flood model and an online platform and how they are supported by 

one and other. The final concept was defined as A Community-Based Initiative for Predicting 

Flood Events Using Ultrasonic Sensor technology. 

The concept is a combination of all three theoretical concepts outlined at the beginning of 

this chapter. The concept proposes to enhance community engagement by increasing 

knowledge, skills and technology transfer using ultrasonic sensor technology. The transfer of 

knowledge, skills and technology aims to enhance links between community members and 

responding professionals allowing for a more efficient and effective response to flood 

events. The initiative aims to influence community members and create awareness on 

methods for creating more independence and autonomy and eliminating or reducing 

reliance on government bodies to implement procedures for monitoring and better 

management of natural disasters. This concept also presents the opportunity for the slow 

integration of societal change, increasing social resilience within vulnerable communities 

that are susceptible to flooding.   
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5.13 Community Engagement  

As previously highlighted, current flood sensor networks have shown to be 

predominantly linked to responding community members and responding professionals. 

This showed a lack of participation from affected community members which results in the 

loss of local knowledge and expertise. The initiative proposed aims to reintroduce affected 

community members and this local knowledge to a community-based initiative to aid 

advancements in flood prediction. An infographic was generated (See Figure 51) to highlight 

where the community is anticipated to interact with this Community Flood Network.  
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To further ground this concept, a Community Flood Network booklet was designed. 

This booklet provides guidelines on how to set up your own flood sensor using Arduino and 

how to build your own housing. The document acts as a starting point for encouraging 

communities to form their own community based-initiative for an early warning system 

aimed at predicting flood events. This booklet can be found in Appendix A.  
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6.0 Results and Findings 

 

6.1 Final Design Solution 

Results generated from this study concluded that in order to enhance vigilance within 

communities affected by flooding, vulnerability must be reduced through a variety of 

actions. To combat vulnerability effectively, communities must be assessed as a whole, to 

determine areas that need to be strengthened both socially and environmentally. The three 

areas proposed for development within this research project include: 

 

1. Social Resilience Model & Flood Model (Section 4.6 – 4.7) 

2. Water level sensor technology (Section 5.4.3) 

3. An online platform (Section 5.11) 

 

When combined these three areas offer a more holistic approach to flooding issues. Each 

area of this concept could work independently of each other, however, when pooled 

together each area is supported by the other and provides a systematic approach toward 

flooding allowing communities to re-act appropriately to pre-and post-flood events.  

 

The Social Resilience Model forms the starting point for the proposed concept. The Social 

Resilience Model provides communities with an outline of the six key areas that aim to 

enhance social resilience in relation to flooding. These six areas include; 

 

 Awareness 

 Understanding 

 Information 

 Education 

 Communication 

 Strength 
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In order to minimise the impacts that flooding has on communities it is important that they 

work effectively as unit. According to Fekete, 2009, the assessment of social vulnerability 

can highlight hidden strengths and weaknesses of a society toward a certain stress or 

hazard. The provision of a Social Resilience Model can assist communities to evaluate their 

own level of vulnerability in order to combat weakened areas effectively. Often, a high level 

of social resilience can be the most important factor for reducing the effects of any social 

implication on a group of people. Research to date had identified that Ireland is lacking 

information on the social repercussions of flooding and how to address these issues. The 

provision of this model aims to facilitate better community driven actions against flooding 

events. 

 

A Flood Model was also developed as part of this study with the aim of enhancing 

community activity before, during and after a flood occurs. The model focuses on six key 

areas including; 

 

 Measure  

 Prevent 

 Prepare 

 Respond 

 Recover 

 Implement 

 

The model acts as a benchmark for communities affected by flooding, outlining key actions 

to be taken in response to a flood related event. During the Literature Review and Field 

Research, it was highlighted that many communities do not possess sufficient knowledge on 

how to anticipate, cope, resist and recover from natural disasters. Nicholson and Gebre, 

2016, highlight that there is little information tailored to the Irish community providing 

knowledge on preventative, resistive and recovery methods against severe weather events. 

This model can be customised to suit various communities depending on their size, location, 

population etc. and facilitates the development of more advanced preparation and 

response to flooding.  
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An Open-Source, Community-Based Initiative was developed as part of this study to allow 

communities to create a scheme for establishing an early warning system using ultrasonic 

sensor technology. To date, research has shown that a system like this has yet to materialise 

within Irish society. Initial research highlighted that communities rely heavily on 

Government Bodies and State Agencies to provide predictions on potential flood events. 

The United Nations Framework Convention on Climate Change, 2007, emphasises that 

hardware, software and networking facilitates the flow of information between 

stakeholders to enhance the development and transfer of technologies. In order to enhance 

the transfer of flood related data in Ireland this new community-led initiative proposes to 

allow communities to independently monitor water levels in their area, facilitating a more 

informed approach to monitoring water levels and river conditions. 

The initiative incorporates the use of ultrasonic sensor technology and the Internet of 

Things, both of which are open-source, low cost and easily operated. This holistic approach 

toward minimising the effects of severe weather conditions in waterside communities aims 

to provide communities with the tools necessary to facilitate the slow integration of 

knowledge, skill and technology transfer, resulting in smaller communities working better, 

both independently and together, to decrease vulnerability and, in turn, reduce the impact 

of flood flooding within their and neighbouring communities.  
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7.0 Discussion of Results 

7.1 Research Questions 

 The research questions highlighted after the initial investigation into existing 

literature included; 

1. What are the necessary elements needed to assist in empowering a vulnerable 

person or group of people? 

2. How can societal change be enhanced through open-source, user-centred design 

solutions? 

3. Could the integration of skills and technology along with existing and new 

knowledge enhance community preparation against flood related events? 

Research conducted throughout this study provided the researcher with positive answers 

for the research questions outlined above. The three questions were addressed throughout 

this study through the proposed community-based initiative for minimising the effects of 

flooding.  

 

7.2 Key findings 

An investigation into existing literature highlighted that; 

1. The transfer of user-driven knowledge is needed to address a range of 

multidisciplinary and integrated approaches. 

2. Transferring new and existing knowledge through open-source software is the most 

efficient and effective means for providing communities throughout Ireland with 

relevant knowledge of flood related issues and on methods for preparing, coping and 

recovering from both anticipated and unpredicted flood events.  

3. Communities need to be made aware of methods for adapting to new, more 

frequent flood events.  

4. In order to decrease the reliance of affected community members on Governmental 

Bodies, social vulnerability needs to be reduced. 
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5. The slow integration of new technologies into vulnerable community areas can assist 

in the development of new community-led initiatives resulting in increased 

resilience.  

Secondary research revealed that communities rely heavily on Government Bodies and 

State Agencies to provide both pre-flood warnings and assistance before, during and after a 

flood occurs. Failure from responding professionals to provide relevant pre-flood warnings 

can result in communities being poorly prepared and severely affected by weather related 

disasters.  

During primary research it was identified that it is difficult to implement societal change 

within communities as they are extremely complex and difficult to alter. By allowing 

communities to take the lead toward better flood response through an open-source, 

technology-driven initiative, it facilitates the slow integration of societal change and allows 

communities to adapt at their own pace to newly anticipated flood events.  

When conducting interviews, the researcher identified two participants that expressed 

confliction opinions against the proposed design intervention. One participant indicated 

that extreme flooding is rare, every 50 years or so, and that there is no need for a design 

intervention. The second participant stated that they only look after their own property and 

would have little or no interest in partaking in a community-based initiative. These opinions 

showed that, firstly, there is not enough information outlining that due to a combination of 

factors, flooding is predicted to become more common. Secondly, certain individuals within 

specific areas showed no willingness to engage with other community members during 

previous or newly predicted floods.  

 

 Limitations/weaknesses associated with the final concept include; 

1. This concept is primarily technology driven, therefore, it may not be best suited to a 

community occupied primarily by stakeholders of an older demographic who may 

not engage well with technology. 

2.  The initiative is cost effective, however, it is proposed to be self-funded by the 

community with an annual fee, which may cause issues. 
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3. Once set up, the concept would require a certain level of maintenance and upkeep 

to ensure all elements remain functioning effectively over time. 

 

7.2.1 Suitability of Methods and Approach 

The researcher followed an interpretivist paradigm for this study which allowed for the 

development of understanding through experience. Information related to specific values, 

opinions, behaviours and social contexts of community groups was gathered through the 

methods selected for conducting field research. The Inductive approach toward this 

research project proved most suitable for developing the tentative hypothesis for further 

investigation.  

The methods selected for this research project facilitated effective engagement with a 

broad range of individuals across different stakeholder groups. Interviews with participants 

involved in this study were most valuable for gathering relevant insight into each area being 

examined, and allowed the research to be guided by communities affected by flood events. 

 

7.2.2 Validity 

Validation was achieved through face-to-face meetings with participants where the 

researcher presented their research findings at different stages to community members. 

This helped the researcher determine whether community members would be willing to 

engage with the proposed solution. 

Findings derived from the narratives and the application of grounded theory were 

triangulated. This technique helped provide verification for the research outcomes/findings.  

 

7.2.3 Bias 

The researcher maintained a certain level of bias throughout this study. The title of the 

project resulted in the researcher maintaining a clear objective of creating community 

empowerment through open-source, user-centred design solutions. At the beginning of the 

project the researcher was unsupportive, however, had not ruled out, the use of technology 

as a solution. Through both primary and secondary research, the benefits of using open-
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source technology and software were highlighted, which guided the researcher toward the 

proposed technology driven solution.   

 

7.3 Unanticipated Findings 

 The most unanticipated finding identified during this research project highlighted 

that there is little collaboration between State Agencies and community members when 

planning and constructing hard defences for flood control. State Agencies also seemed to 

disregard input from the communities involved and use statistical data only for developing 

proposed flood defences. Enhanced collaboration between these groups is needed to 

facilitate the incorporation of local knowledge in the planning and development of flood 

defence structures. 

This significant finding that highlights broken links between professional involved in the 

planning of permanent flood defences and affected communities. This results in the 

disregard and loss of important local knowledge and can have major impacts of the people 

inhabiting areas affected by flooding.  

The researcher identified this late in the study during interviews with community members 

therefore it did not impact this study. This area warrants further work to ensure that the 

planning of hard defences is executed effectively, and facilitates relevant input from the 

stakeholders involved. 

 

7.4 Significant ramifications of findings 

Findings generated from the field research phase resulted in the establishment of a 

tentative hypothesis for further investigation. The hypothesis assisted the researcher 

throughout the design phase and allowed for the development of a design intervention for 

mitigating the effects of flooding by facilitating knowledge, technology and skill transfer. 

(See figure 52) 

Existing models on flood control and prevention are available at global level where they 

experience harsher weather conditions and large scale flooding.  Through research it was 
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identified that there is no flood model tailored specific to Irish Communities using open-

source design solutions. The proposed solution aims to facilitate an iterative approach 

toward mitigating the effects of flood events. The system offers a cost-effective, open-

source solution for transferring flood related data, allowing communities to modify and 

improve the system over time. Driven by key players, responding professionals and 

responding community members, each community is given the opportunity to take 

ownership of developing solutions toward mitigating flood events, facilitating the 

development of community empowerment.  

The transfer of new and existing knowledge is one of the key aspects to this solution. During 

interviews, it was found that there is a significant loss of local knowledge within and 

between communities. This local knowledge is essential for planning and preparing for both 

predicted and unpredicted flood events. This, combined with new data generated from 

water level sensors, form a body of information, provides the groundwork for enhancing 

preparedness before, during and after a flood occurs. The introduction of a design 

intervention aims to enhance the transfer of old and new knowledge, skills and technology, 

within and between community groups. It is anticipated that this will result in extended 

community links between different stakeholder groups, advanced preparations toward 

flood events and increased community resilience.  
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7.5 Design Artefact in Context 

 The design artefact offers a preliminary solution for gathering data on water levels. 

The design is low-cost and open-source, however, it is not very accurate and improvements 

need to be made in terms of housing, mounting and security solutions. The technology itself 

is very effective and easy to use. It is suggested that a more precise sensor be sourced for 

future iterations. 

The artefact has not been tested in context of a flood situation.  

 

7.6 Research Questions 

It was identified that communities have a strong dependency on Government Bodies to 

provide procedures for mitigating flood events. Further investigation highlighted that a user-

centred approach has the potential to spark the development of community-based 

initiatives, both nationally and internationally, enhancing community vigilance and reducing 

their dependency on state agencies for predicting floods. This in turn, aims to bring about 

societal change, facilitating the development of community-driven strategies for combatting 

the effects of flooding. The results from this study were conclusive with the research 

question highlighted in the Literature Review; ‘How can societal change be enhanced 

through open-source, user-centred design solutions?’ 

The field research phase of this study provided validation for the following research 

question; ‘Could the integration of skills and technology along with existing and new 

knowledge enhance community preparation against flood related events?’ During the field 

research phase it was discovered that there is insufficient transfer of knowledge, technology 

and skills within communities, resulting in the loss of local intelligence and expertise. 

Feedback from participants highlighted that local knowledge and expertise are essential in 

ensuring that communities have the ability to endure and survive flood related disasters. 

The outcome of this research aims to reintroduce local intelligence through open-source 

design, allowing users to combine existing knowledge with new information to ensure each 

flood related situation is reacted to and dealt with appropriately.  



128 
 

What are the necessary elements needed to assist in empowering a vulnerable person or 

group of people?’  

To answer this question, it was necessary to undertake narrative studies involving 

communities with both high and low levels of community vigilance. The tools necessary for 

creating community empowerment are highlighted in Chapter 4 – Narratives. During this 

phase, it was identified that the provision of a Flood Model and Social Resilience Model 

along with a scheme aimed at reinstating experiential data within communities, combined 

with new data created through a community based initiative, could result in communities 

being better prepared to deal with unpredictable and accelerated rainfall patterns. This 

initiative is proposed to be supported by an online platform, i.e. The Things Network, which 

aims to facilitate the transfer of flood related data. The system allows users within each 

community to share information on pre-and post-flood activities with their own community 

and other affected communities. 

It is envisaged that the reliance on responding professionals would be reduced through the 

introduction of a community-based initiative, facilitating flood prediction generated by key 

players within the community. This approach allows communities to create empowerment 

and enhance resilience through an initiative that aids the development of new knowledge 

and a means for transferring this data. Pre-flood data generated through this initiative 

allows communities to be better prepared before a flood occurs.  

The proposed concept offers a means for collecting data during a flood allowing individuals 

to monitor water levels without the need to physically engage with rising flood water. Once 

a flood has occurred, the information gathered can be recorded and analysed so that the 

community can respond more effectively to new anticipated flood events.  

The flood model and social resilience model provide communities with a guide for 

addressing both flooding and social vulnerability effectively.     
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7.7 Conclusions – hypothesis 

“It is possible to increase community capacities for mitigating the effects of flooding 

by facilitating the transfer of knowledge, technology and skills through open-source, 

user-centred design.” 

The outcomes of this research study support the hypothesis generated prior to the design 

phase. The open-source, user-centred design solution facilitates the transfer of knowledge 

technology and skills. Combined with models for increasing flood resilience and social 

resilience the initiative provides the tools necessary for increasing community capacities for 

mitigating the effects of flooding. 

 

7.8 Long term impact 

It is envisaged that the tools outlined in the thesis, provide the starting point for the 

development of a community based-initiatives nationwide. These tools are not static and 

can be altered and tailored to specific community needs. The ultrasonic sensor is a cost-

effective, low-tech solution which can be modified to suit specific flood events. The online 

platform is easily accessible and facilitates the transfer of knowledge, technology and skills. 

Because all elements of the proposed solution are open-source, they can be adopted by a 

wide range of communities nationally with the potential of extending to communities at 

global level. 

7.9 Further Work 

For further work associated with this research project, it is proposed that; 

1. The researcher would write a paper for publishing and/or presenting at a conference  

2. Action Research be carried out fully through a testing and evaluation phase 

3. Further validation be carried out involving members of the community to ground the 

concept 
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8.0 Conclusion of Thesis 

 The Literature Review formed the foundation of knowledge on the thematic 

areas; Community Based Initiatives, Open-Source User Centred Design, Community 

Resilience, Data Transfer, Social Vulnerability and Flooding. This initial research phase 

identified that knowledge, skill and technology transfer within and between communities is 

fundamental for reducing social vulnerability and creating community empowerment. By 

creating a community-based design initiative through open-source user-centred design 

solutions, vulnerable communities can assist themselves to reduce the social, economic, 

environmental, and financial impacts associated with flood events.  

The theoretical insights acquired from the Literature Review acknowledged the lack of 

research in relation to community-based design initiatives for open-source, user-centred 

design solutions against severe weather conditions on waterside communities. Research 

questions were identified and addressed positively throughout this study.  

Field research carried out provided practice based validation for theoretical conclusions and 

research questions identified in the Literature Review. This data guided the study and 

facilitated the development of a new initiative focused on assisting affected community 

members by adopting traditional methods and introducing new approaches and initiatives 

for reducing the impact on communities during both pre-and post-flood events.  

The hypothesis formed after primary and secondary research acted as a starting point for 

further investigation. This design hypothesis proposed that; it is possible to increase 

community capacities for mitigating the effects of flooding by facilitating the transfer of 

knowledge, technology and skills through open-source, user-centred design. This ensured 

that the researcher maintained an informed and guided direction through the design phase 

of the project. 

 

8.1 Limitations of the research 

Due to time constraints and limited access to participants, the researcher proposes that it 

would be beneficial to engage with a wider demographic to further validate this concept. 

Additional involvement of a larger variety of age groups would allow for feedback from a 
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more diversified range of participants. This would also be of benefit during the design phase 

of the project, allowing participants with a broader range of skillsets to assist throughout 

the development of the project, from concept stage to iteration and testing.  

During the design phase, the researcher was unable to incorporate the sending and 

receiving SMS function into the Arduino. This was due to time constraints and the 

researcher’s limited knowledge of electronic engineering design. On reflection, the addition 

of this function would allow the researcher to test the sensor near a body of water over an 

extended period of time to ensure that the information gathered using ultrasonic sensor 

technology would be of benefit to affected community members.  

The Open-Source criteria set out at the beginning of the project restricted the design of the 

housing unit for the ultrasonic sensor. In order ensure the design remained open source, the 

researcher was required to source materials and develop a housing unit that could be easily 

manufactured by community members. Upon completion, the researcher concluded that it 

would be beneficial to explore and test a larger variety of low-cost, open-source materials 

and manufacturing techniques, such as 3D printing and additive manufacturing 

technologies, to provide communities with an extended range of housing options. 

During the testing phase, the researcher discovered that accuracy of the cost-effective 

sensor sourced for this project was insufficient for outdoor use over an extended period of 

time. In order to combat this issue, it is suggested that further exploration into ultrasonic 

sensors would be carried out to source a more accurate sensor while still retaining the 

open-source and low-cost criteria set out in the brief. 
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9.0 Further Work 

Upon completion, the researcher identified several areas with the potential for 

future research to be conducted. Some of these areas are briefly described in the 

Limitations chapter of this thesis. Areas identified for further exploration include: 

 Engage with focus groups to allow for collaboration between community 

members when conducting secondary research. This would provide the 

researcher with a better understanding of the area being observed. 

 Engage more with younger members of communities to achieve a better 

understanding of the younger generation’s willingness to participate in a 

community-based initiative. 

 Further develop the Arduino water sensor to include a more accurate ultrasonic 

sensor and the SMS feature for sending texts and receiving data on real time 

water levels.  

 Set up an experimental flood network using one or more flood sensors to further 

validate the concept. 

 Explore a larger variety of enclosures for housing the sensor. 

 Publish findings in a research journal. 

 Apply methodologies utilised in this study to other similar issues. 
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Appendix C 

Arduino Code 

 

#include <LiquidCrystal.h> // includes the LiquidCrystal Library 

LiquidCrystal lcd(1, 2, 4, 5, 6, 7); // Creates an LCD object. Parameters: (rs, enable, d4, d5, d6, d7) 

const int trigPin = 9; 

const int echoPin = 10; 

long duration; 

int distanceCm, distanceInch; 

int time_delay=2000;  //time delay for the screen 

const int buzzer = 11; //buzzer to arduino pin 11 

  

//setup variables 

void setup() { 

lcd.begin(16,2); // Initializes the interface to the LCD screen, and specifies the dimensions (width and 

height) of the display 

pinMode(trigPin, OUTPUT); 

pinMode(echoPin, INPUT); 

pinMode(buzzer, OUTPUT); // Set buzzer - pin 11 as an output 

} 

  

void loop() { 

 

digitalWrite(trigPin, LOW); 

delayMicroseconds(2); 

digitalWrite(trigPin, HIGH); 

delayMicroseconds(10); 

digitalWrite(trigPin, LOW); 

duration = pulseIn(echoPin, HIGH); 

 

distanceCm= duration*0.034/2; 
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distanceInch = duration*0.0133/2; 

 

if (distanceCm>100 && distanceCm <= 150)  //use this for different warning levels 

{ 

lcd.clear(); 

lcd.setCursor(0,0); 

lcd.print(“Distance: “); 

lcd.print(distanceCm); 

delay(500); 

lcd.setCursor(0,1); 

lcd.print(“   WATER HIGH   “); 

delay(1000);  //make sure that i have enough time to read 

tone(buzzer, 1000); // Send 1KHz sound signal... 

delay(1000);        // ...for 1 sec 

noTone(buzzer);     // Stop sound... 

delay(1000);        // ...for 1sec 

    

} 

 

else if (distanceCm>150 && distanceCm <= 200)  //use this for different warning levels 

{ 

//lcd.clear(); 

lcd.setCursor(0,0); 

lcd.print(“Distance: “); 

lcd.print(distanceCm); 

delay(500); 

lcd.setCursor(0,1); 

lcd.print(“   WATER NORMAL    “); 

delay(1000);  //make sure that i have enough time to read 

 

} 
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else if (distanceCm>200)  //use this for different warning levels 

{ 

lcd.clear(); 

lcd.setCursor(0,0); 

lcd.print(“Distance: “); 

lcd.print(distanceCm); 

//delay(500); 

lcd.setCursor(0,1); 

lcd.print(“   WATER LOW     “); 

delay(3000);  //make sure that i have enough time to read 

 

} 

} 
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